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THE 9-SCALE OF POTENTIAL AND ITS APPLICATION TO SOME 
ELECTROCHEMICAL PROBLEMS. PART III. SURFACE 
ACTIVITY AND INHIBITION EFFICIENCY OF NITRO- 
GEN-CONTAINING ORGANIC COMPOUNDS 


By L, I. ANTROPOV AND S. N. BANERJEE* 


The relationship between adsorption of nitrogen-containing organic compounds on mercury and 
their inhibition efficiency in acid-corrosion of iron have been studied. It has been shown that if both 
of the above effects are -tudied at the same value of ¢-potential, corresponding to the corrosion potential 
of iron, they are related to each other by a simple semi-empirical equation. This makes it possible 
to calculate the inhibition coefficients of any nitrogen-containing organic compound, added in various 


concentrations into acid solutions, from electrocapillary measurements. 


In Part II of this series ‘Antropov and Banerjee, this Journal, 1958, 35, 531) it has 
been shown that on the basis of the ¢-scale of potential (Antropov, ibid., 1958, 35, 309), 
a relationship may be found between the surface activity of different organic compounds 
as measured on mercury and their inhibition efficiency in acid-corrosion of iron. At 
the same time it appeared that the surface activity of an organic compound is not the 
only factor which determines its properties as an inhibitor ; the nature of the active 
groups and, probably, the structure of the molecules should also be taken into account. 


In the light of this conclusion, a systematic study of organic compounds belonging to 


different homologous series becomes important. The present paper summarises the 


results obtained with nitrogen-containing organic compounds. 


ExPERIMENTAL 


The corrosion data gathered by Ride (J. Electrochem. Soc., 1956, 103, 98) have been 
used as a basis for comparison with the results of our own electrocapillary measurements. 
Ride has studied the effect of varying concentrations of different nitrogen-containing 
organic compounds on the rate and potential of iron corrosion in 1N-H,SOQ, at 25°. 
The decrease in the rate of corrosion observed in the presence of additives satisfies 


fairly well the empirical equation : 
log Ki = constz + Bx log C ns eee (1) 


derived in the previous paper (Antropov and Banerjee, loc.cit.). In equation (1), Ki=i/i,, 
the inhibition coefficient showing the ratio of corrosion rates in the absence (i) and in the 
Constz and & are constants typical of a given compound. 


The values of const; and / for twelve organic compounds are recorded in Table I. 


presence (i;) of an inhibitor. 


*Prof. Dr. L. I. etait 4 Expert in Electrochemistry, Indian Institute of Technology, 
Bombay. 

Dr. S. N. Banerjee—Lecturer, Department of Chemical Technology, University of Bombay, 
Bombay 19. 


). 


L. I, ANTROPOV AND S. N. BANERJEE 


TABLE I 


Compounds, Const, Con-t. 


Z 


1- Piperazine 0.22 I 03 0.21 0.38 
2. Diethylamine* 0.41 1.15 0.36 0.83 
3. Pyridine* 0.37 1.34 0.33 0.55 
4. Aniline* 0.64 1.46 0.61 0.70 
5. Quinoline* 0.29 1.76 0.29 0.83 
6. Di-n-butylamine 0.30 1.77 0.32 0.73 
7- Dimethylaniline 0.40 1.79 0.40 0.92 
8. Ethylaniline 0.36 1.83 0.37 0.72 
9. 2-Methylquinoline 0.29 1.99 0.32 1.08 
192. Diethylaniline 0.42 2.02 0.44 1.16 
11. Brucine 0.23 2.29 0.24 1.31 
12. 8-Napthoquinoline* 0.29 2.34 0.31 1.52 


In addition to the electrocapillary curves, recorded earlier in the series (Antropov 
and Banerjee, loc.cit.), indicated in Table I by asterisks, the electrovapillary curves of 
the following compounds have been obtained : piperazine (B.P.C., France), di-n-butyl- 
amine (B.D.H., L.R.), dimethylaniline (B.D.H., L.R.), ethylaniline (B D.H., L.R.) 
2-methylquinoline (B.D.H., L.R.), diethylaniline (B.D.H., L.R.), brucine (B.D.H., spot 
test Rg.), with the result that all of the compounds of Table I have now been accounted 


for. 


Fic. 2 


Electrocapillary curves for piperazine at Electrocapillary curves for di-n-butyl- 
concentiations (1) .0024M ; (2) .c0o93M; a‘nine at concentrations (1) .00496M ; (2) .0146M; 
(3) .0297M ; (4) .1029M ; (5) .242M; (6) .4651M ; (3) .0284M ; (4) .0691M;; (5) .1579M; (6) .2975M 
(7) .9302M in 1N-H,SO, solution. The upper- (7) .5013M in 1N-H,SO, solution. The upper: 
most curve refers to 1N-H,SQ, solution. most curve refers to 1N-H2SO, solution. 
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The electrocapillary curves were measured with a capillary electrometer (Fig. 1, 
Part II, loc.cit.), the experimental procedure being the same as described in Part II 
(loc.cit.) ; they are plotted in Figs. 1 to 7. Allthe measurements were carried out in 
1N-H,SO, solution such as was used by Ride for his studies in corrosion. 
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Electrocapillary curves for dimethylaniline at Electrocapillary curves for ethylaniline 
concentrations (1) .00495M ; (2) .0146M; (3) .0495M; at concentrations (1) .00495M; (2) .0192M; 
(4) .145M; (5) 301M; (6) .5M in 1N-H,SO, solution. (3) .0614M; (4) .213M; (5) .5M in 1N-H,SO, 
The uppermost curve refers t> 1N-H,SO, solution, solution. The uppermost curve refers to 1N- 

solution. 


With the 9?-potential of mercury equaling to — 0.26 v, which is the mean value of the 
corrosion potential of irou in 1N-H,SO, given in 9-scale, nearly all the experimental 
points may be described by the equation : 

log A, = const. + log C 
derived in Part II (loc.cit.). In equation (2), 4, denotes decrease of surface tension on 
the mercury —1N-H,SO, interface, C, the volume concentration of the additive, and 
const, and 8, are constants specified for a given compound ata given value of 9-poten- 
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The values of const, and 8, are collected in Table I. A consideration of the data 
recorded in Table I shows that at 


Hg? = Fe? =— 0.26V, 


the values of 8, and &; are approximately the same. 


(8, = Be at ug? = re? =— 0.26 v) ss wee (3) 
The relation between const; and const, is expressed in the equation 

constz= —0.8 + const, 
The validity of this relation is illustrated by Fig. 8, in which the values of const, are 
plotted against the values of const.. 


From equations (1), (2), (3) and (4), the following expression for log Kimay be 
written : 
log Ki = — 0.8 + const, + B, log C one oo & 


Equation (5) makes it possible to calculate the inhibition coefficients for any nitrogen- 
containing compounds, included as well as not included in Table I, solely on the basis 
of electrocapiliary measurements. Moreover, if 1 is known, the values of i; for various 
inhibitors, and at different concentrations, may also be obtained. 


Fic. 8 


CONSTANT 


Relation between const« and constant, (vide equaticn 4). Numbers represent compounds as 
per Table J,column 1. 
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DiscUSSION 


Equation (5) was derived entirely from Ride’s corrosion data aud our own electro- 
capillary measurements. Normally the results of electrocapillary experiments are well 
reproducible, and the degree of accuracy of equation (5) will depend therefore completely 
on the reproducibility of the corrosion-rate values. 


Figs. 9 to 11 illustrate the normal discrepancy between experimental points 

obtained by different authors. Fig. 9 offers 

Fic. 9 the data furnished by Ride (loc.cit.), and 
Rhodes and Kuhn (Ind. Eng, Chem., 1929, 
21, 1066) for 8-naphthoquinoline, as well as 
Ride’s (loc.cit.) and Mann’s (Trans. Electro- 
chem. Soc., 1936, 69, 115) data ‘for di-n- 
butylamine. Figs. 10 and 11 represent the 
inhibition efficiency of quinoline (Ride, 
loc. cit. ; Mann, loc. cit. ; Hoar and Holliday, 
J. Appl. Chem., 1953, 3, 502) and diethyl- 
ES <P, a amine (Ride, loc. cit. ; Mann, loc. cit.) respec- 
a a tively. It may be seen that nearly all the 
Plots of log Ki —log C: di-n-butylamine: experimental points satisfy fairly well the 


Data of Ride in shaded circle, andof Mann ©. .. 
Pp Naphthoquinoline : data of Ride (,andof linear relationship between log Ki and log C 


Rhodes and Kuhn shaded CC). 


FIG, 10 


| 


Plot of log Ki-— log C. Quinoline: Dataof Ride ©, of Mann in solid circle, of Rhodes and Kuhn 
in shaded circle, and of Hoar and Holliday in shaded A. 


and that the difference in values obtained by various authors is of-the order of 0.1 to 0.3 
of log Ki. We can expect therefore that the disparity between the values of log Ki as 
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calculated with the help of equation (5) and those obtained experimentally should be of 
the same order. ‘The tallying of the calculated values of log Ki with those obtained by 
experiment, to the extent as mentioned above, within the above limits, will constitute 
a confirmation of equation (5). ‘hat it is so, may be concluded from the same (Figs. 
9-11) in which the solid lines correspond to the relationship between the inhibition 
coefficient and the concentration of an organic compound in accordance with equation 
(5). The theoretical lines are normally located within the region where the correspond- 
ing experimental pvints are scattered. 

A further confirmation of the validity of equation (5) is furnished by Table II, 
where the calculated and observed values of log Kj; are compared for three different 
compounds, not included in Table I. 


IT 


log Cmolar 2 48 2.40 1.80 
O-Oxyquinoline. 

log Kobs, eee -21 0.34 0.54 J 0.80 

log Keate. 0.39 0.42 0.66 
Pyramidone Const, = 2.08. =0.39. 

log Kobs. sas uf 0.43 0 56 0.67 0.77 

log Keale. 0.34 0.46 58 070 

Caffeine. Const,=1.97. B,=0.32. 
log Kos. 0.34 0-45 0.56 0.69 
log Keale- eee q 0.40 0.50 059 0.70 


The comparison is based on the electrocapillary and corrosion measurements carried 


out by Antropov and Grigoriev (Proc. Novotcherkask Polytech. Inst., 1958, 69/88, 129). 
Their electrocapillary data have been used to determine the constants, const, and 8, 
which were then substituted into equation (5) to calculate the theoretical values of 
log Ki. 
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Plot of log Ki — log C. Diethylaniline — data of Ride (J, and of Mann g#-y. 


1.50 
0.95 
0.78 

LOG 

3 

4-2 

a 

7 a 
a 
‘5 
3 

2 

4 


458 L. I. ANTROPOV AND S. N. BANERJEE 


It is evident that the difference between the two series of log Ki never exceeds the 
usual error in corrosion measurements. 

It would be of interest to prove equation (5) by comparing electrocapillary and 
corrosion data obtained independently by different authors for one and the same com- 
pound. However, there does not seem to be any such data in the literature. Equation ‘5) 
does not account either for the change of the corrosion potential incident to the addi- 
tion of an inhibitor or its alteration with the varied concentration of an inhibitor. 
Although neither of these is very pronounced, they can be taken into account, if necess- 
ary, by way of substituting into equation (5) the constants as estimated at the new 
values of corrosion potential. 

The term —o.8 in equation (5) may have something to do with the different surface 
population densities of mercury and iron. However, a detailed consideration of the 
physical meaning of equation (5) had better be postponed until similar data for organic 
‘compounds with functional groups other than nitrogen are obtained. 
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ON THE BEHAVIOUR OF Cr" AND Cr™ AT THE DROPPING MERCURY 
ELECTRODE. PART I. REDUCTION OF DIFFERENT 
VARIETIES OF CHROMIC CHLORIDE 


By K. M. ABUBACKER AND WAHID U. MALIK 


The oxidation potential of chromzus-chromic electrodes system, besides being influenced by factors 
like the ratio of chromic to chromous in the solution, the PH of the medium, the electrode material 
used and the presence of foreign ions, is also found to vary to different extents by the addition of 
different varieties of chromic chloride to chromous chloride solution. The latter change is interesting 
in as far as a temporary increase, instead of a decrease, in potential is observed, and it takes 
some time for the electrode system to regain its state of equilibrium. The behaviour of a number of 
chromic chloride solutions obtained as (i) freshly prepared green hydrate, (ii) the aged (one month) 
green solution, (iii) a solution of violet isomer and (iv) a solution obtained after the oxidation of the 
blue chromous chloride, at the dropping mercury electrode, has been studied. 


Demassieux and Heyrovsky (J. Chem. Phys., 1929, 26, 219’, from a study of the 
polarography of Cr**, have found that H* ions do not enter into the electrolytic process 
which may thus be expressed entirely by the reaction Cr*t + © = Cr**. They also 
found it easier to reduce the green complex [CrCl, (H,O),]Cl.2H,O than the violet 
form [Cr(H.0),]Cl,; which predominates in dilute solutions. The polarography of 
isomeric Cr™ sulphate was studied by Willis (J. Proc. Roy. Soc., N. S. Wales, 1946, 78, 
239) who observed that the green chromic sulphate underwent irreversible reduction, 
and that the violet alum, when changed to green, showed a similar polarogram as that 
of the green sulphate. 


Lingane and Pecsok (J. Amer. Chem. Soc., 1949, T1, 425 ; 1950, 72, 189) studied 
the hydrolytic current of Cr™ and also the polarographic behaviour of Cr" in various 
supporting electrolytes and found that the reduction potential of Cr“ in different 
supporting electrolytes could be taken as a measure of its reducing pofver. 


ExPERIMENTAL 


Measurements were taken using a Fischer elecdropode in conjunction with an 
externally connected Multiflex galvanometer (type MGF2). Nitrogen was used for 
deaeration and for keeping the inert atmosphere during measurements. All readings 
were taken with a S.C.E. and a D.M.E. with constant pressure arrangement. 


2- 1996P—7 
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A pure sample of chromous chloride solution, obtained from any foreign ion called 
‘neutral’ solution for obtaining air-oxidised sample, was prepared as follows: Chromic 
chloride was reduced with zinc and HCI (Balthis and Bailar, ibid., 1936, 58, 1474) and 
the resulting chromous chloride was precipitated as chromous acetate under an inert 
atmosphere. The acetate was washed free of zinc salt and then dissolved in minimum 
required amount of rN-HCl. Alcohol was added to the resulting solution to precipitate 
the chloride, which was then dissolved in air-free water after filtration by suction 

-arrangement. Air was bubbled through the solution to oxidise it to the chromic state, 
and this solution was used for taking the polarograms. KCl was used asa supporting 
electrolyte and 0.co5% gelatine as maximum suppressor. Thedrop time (3.2 sec.) was 

kept constant for all sets of readings. 


Typical polarograms for the various samples are shown in Fig. 1 aud some of the 
readings are summarised in Table I. 
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TABLE I 


Sample. Cone. of Conc. of *E'/y ** Remarks, 
KCl. (all—ve) ‘all—ve) 


Freshly prepared a . 0.78 1.56 First wave not very 
green soln. . ! 0.81 1.56 sharp. Reduction slow 
0.785 1.57 and irreversible. 
1.56 
1.56 


Aged ‘green’ soln. Both waves quite 
‘violet in colour) . sharp. Reduction irre- 
versible. 


Violet solution Both waves sharp and 
reduction irreversible. 


soln. from chro- Waves drawn out; 
mous chloride small anodic wave ob- 
served in every case. 


* E)/,=Half-wave pot. for the first wave (Cr3* to Cr?*). 
** E/,=Half-wave pot. for the second wave (Cr°* to Cr°), 


D1iscUSSION 


The following observations are made from the reduction of the varous varieties of 
Cr™ at the dropping mercury electrode : 

(i). Higher concentrations of supporting electrolyte ‘KCl) make the half-wave 
potential for the first stage reduction (Cr°* + © = Cr**) more negative, but the second 
step (Cr**+ + 3© = Cr°) is independent of its concentration. Also, the concentration of 
Cr" does not affect the half-wave potential. ' 


(ii). Freshly prepared solution of the green hydrate has the lowest value for E/2 
(—o.8 v) while the highest value (—1.1v) is obtained for the oxidised chromous 
chloride. Also, the first stage reduction is very slow in the case of freshly prepared 
green sample. The half-wave potential for the violet sample is higher than that of the 
aged solution of the green hydrate (—0.99 v and —0.95 v respectively). 


(iii). The waves are quite drawn out in the case of the sample obtained by the 
oxidation of chromous chloride. This solution, even after keeping exposed for two 
days and then bubbling air for about half an hour, gave a small anodic wave with 
E"/,-0.45 v. Also, unlike with all other samples, the second wave is not very sharp. 


The above observations throw much light on the various forms of hydrated chromic 
ions and their stability towards reduction at a dropping mercury electrode. It is evident 
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5.0 2.0 0.805 1.57 

2-5 2.0 0.95 156 

5.0 O.1 0.95 1.57 

5.0 2.0 0.96 1.56 

2.5 0.9G 1.55 

2.5 20 1.00 1.58 

5.0 0.1 1.00 1.57 

5.0 2.0 1.00 1.58 

2.5 2.0 1.12 1.55 

5.0 0.1 1.10 1.55 

5.0 2.0 I-12 1.56 
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that freshly prepared solution of the green hydrate is most easily reducible (E/2 -0.8 v) 
and that the sample obtained by the aerial oxidation of blue chromous chloride is most 
difficultly reducible -1.1 v). 

That the violet variety is the most stable one is borne out by the fact that the 
violet solutions are obtained both on ageing the solution of the green hydrate and also 
by aerial oxidation of the blue chromous chloride. A close proximity in the E/2 values 
for the violet variety and that for the oxidised one also support this view point. 

The highest (—ve) value for the reduction potential of the chromic solution 
obtained by the oxidation of chromous chloride shows that it contains a more stable 
complex ion. Since the aerial oxidation is carried out in ‘neutral’ medium in the 
absence of any donor or acceptor ion, it is quite probable that a sort of oxygen bridge 
is established, like. CrCl,-O-CrCl,. Thais complex is quite stable and is more 
difficultly reducible at the dropping electrode. The biue chromous chloride solution, 
on long standing in air, becomes slightly opaque, and this may be due to the hydrolysi: 
of the bridged complex as 
(CrCl,),.0 + H,O = 2 CrCl,(OH). 


Thanks are due to Prof. M. O. Farooq, for his keen interest in the progress of 
this work, 


CHEMICAL LABORATORIES, 
UNIVERSITY, 


ALIGARH, U. P. Received January 14, 1959. 


Explanatory note to Fig 1. 


Concentration of Cr(III) in each case was 2.5 m.mol/litre. Curves 1, 2 and a voi 
obtained with freshly prepared green sample in 0.1 M, 0.5 M Bury a eee je 
i i in 0.1 M-KCl; an , with vio 
ith aged sample of the green solution in a 
pli asi 6. with the sample obtained by oxidising CrCl,, in 0.1M-KCI. (Each curve 


shifted to the right by 5 divisions ; 1 divn. =0.2 volt). 


| 
4 
4 
{ 
I 


(Jour. Indian Chem. Soc., Vol. 36, No. 7, 1959] 


ON THE BEHAVIOUR OF Cr® AND Cr™ AT THE DROPPING 
MERCURY ELECTRODE. PART II. ANODIC WAVE OF 
Cr“ IN PRESENCE OF ACIDS, SALTS AND 
COMPLEXING AGENTS 


By K. M. ABUBACKER AND WAHID U. MALIK 
The anodic waves of Cr" obtained by the reduction of the green hydrate with zinc and HCl, and that 


of the chromous-chromic mixture obtained by oxidising chromous chloride to different degrees by 
have been studied. 


The anodic wave produced by chromous ions was used by Zinko and Manuseva 
(Zanodskaya Lab., 1941, 10, 565) for the determination of chromium in steel, and the 
behaviour of chromo-chromic cyanide system at the dropping electrode was studied by 
Hume and Kolthoff (J. Amer. Chem. Soc., 1943, 65, 1897). The characteristics of the 
anodic wave, produced by Cr" in various supporting electrolytes, have been studied by 
Lingane and Pecsok (ibid., 1950, 72, 189). 


ExPERIMENTAL 


A Fischer elecdropode with a saturated calomel and dropping mercury electrode 
assembly was used for these measurements. A ‘neutral’ solution of chromous chloride 
was prepared and its strength determined potentiometrically using potassium perman- 
ganate and ferrous ammonium sulphate. A dilute sample of this solution was then 
taken in the air-tight polarographic cell and its polarogram recorded (uitrogen was used 
for keeping the inert atmosphere during the experiments). The readings for the same 
solution were then taken during progressive oxidation (by the addition of dilute hydro- 
gen peroxide, this being chosen to avoid the presence of any unncessary foreign ions in 
the test solution), thus obtaing the C.V. curves for mixtures containing different pro- 
portions of chromous and chromic ions. Readings were also taken with various concen- 
trations of the acids like hydrochloric, sulphuric, formic, acetic , oxalic, ciitric and 
tartaric etc. and their alkali metal salts. AE/2 (Table1) represents the half-wave 
potential for the anodic wave (Cr?>*- © =Cr**) and CE/2 for the cathodic wave 
(Cr**+ + © = Cr**). A drop time of 3.1 sec. was kept constant in every case (by cons- 
tant pressure arrangement) and 0.005% gelatine was used as maximum suppressor. ‘The 
reversibility of the oxidation and reduction processes was seen by measuring the two 
values of E; and E; which represent the potentials at which the current is equal to one- 
fourth and threefourth respectively (Meiles, ‘‘Polagoraphic Techniques’’, Ineterscience 
Publishers, rst ed., p. 105). The values of Ez; — E; for a reversible cathodic wave is 
equal to — 0.0564 volt and for a reversible anodic wave, +0.0564 volt. Any appreciable 
deviation from these values was taken as a sign of irreversibility. The diffusion current 
constant was also determined in every case. ‘m’ was determined by collecting the 
mercury for 15 minutes and weighing (Meiles, loc. cit., p. 35). 
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The results are suminarised in ‘Table I. 


Conc. of 


Cr 


2.0 
1.5 
1.0 
0.5 


* As supporting electrolyte, 


0.146 
0.646 
1.146 
1.646 
2.146 


Conc. of 
j Crm 
(m. mol). (m, mol.). 


TABLE I 
CE/2 CE/2 
(—ve). (-—ve). (-—ve). (-ve). 
*7,0M-KCI. *1.0M-K2SO,. 
0.53 1.09 0.32 1.04 
0.52 1.03 0.30 1.06 
0.52 1:05 0.31 1.04 
0.52 1.00 0.32 0.98 
ove 0.98 ove 0.96 


Electrode reac- 
tions irreversible, 


AE/2 CE/2 


(-ve). (ve). 


oM-HCI. 
0.64 1.06 
0.62 1.04 
0.63 1.04 
0.64 1.06 

1.03 


Half-wave potentials Reactions 
remain almost const. irreversible. 
Reaction irreversible. 


AE/2 CE/2 
(—ve). (—ve). 


*1.oM-H,SO,. 


0.58 1.0 
0.56 1.02 
0.54 1.02 
0.55 0.98 
> 0.98 
Reactions 
irreversible. 
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Since no appreciable shift either in the cathodic or anodic half-wave potential was 
observed by changing the chroinic-chromous ratio, only one reading of each was taken for 
the rest of the electrolytes studied. The summary of the readings are recorded in 
Table II, The potentials obtained from ill-defined waves are shown in parentheses, 


Tasie II 
S. No. Supporting electrolyte. AE/2 CE/2 id/em 2/3 Remarks. 
(—ve). (-—ve). 
1 M-KCl 0.52 105 --1.54 Irreversible 
2. 1 M-K,SO, 0.31 1 02 —1.56 ” 
3. 1 M-HCl 0.63 1.05 
4. 1 M-H,SO, 1.00 
5. 0 60 1.04 ” 
6. (0 4) 1.02 —1.55 
1M-NH,Cl 0.65 1.0 —1.25 
3. 1M-K-formate (0.32) one —1.54 Waves ill-defined. 
9. 1M-K-citrate No electrode reaction. 
10. 1M-K-tartrate eve Do 
11. 1M-Acetic acid (0.4) (1.2) —0.85 Waves ill-defined. 
12 1M-K-oxalate (0.95) jes No anodic wave. 


DIscUSSION 


The following inferences are drawn from a study of the anodic waves of Cr" in 
various supporting electrolytes : 

(i). The anodic wave of Cr" and the cathodic wave of Cr™ show irreversibility 
wherever the electrode reaction takes place. 

(ii). Chromous ions are not oxidised in presence of supporting electrolytes such as 
tartrate and oxalate (and acetate?). With citrate the polarogram is of a typical nature ; 
the current decreases first with increasing potential, remains constant for a certain 
range and then suddenly rises at about 0.95 volt. 

(iii). Well-defined but irreversible waves are obtained with HCl, NH,Cl, KCI+ HCl 
and H.S0Q,. 

(iv), The anodic half-wave potential for the reaction Cr** + © = Cr** is almost 


the same in every case and is just above —1.0 volt. Low values are obtained for the 
anodic half-wave potential in presence of K,SO,, H.SO,+K.SO,, HAc, etc. 


While the cathodic half-wave potential values are not changed very much and 
remains almost constant, the anodic potentials vary with the supporting electrolyte used. 
A perusal of column 2 of Table II shows that, for the same concentrations E/2 has got 
the lowest value (—ve) in presence of potassium sulphate and highest with HCl (H,SO, 
and KCI standing next in order), It is therefore evident that the presence of hydrogen 
or chloride ions or both are essential for the better utility of chromous chloride as a 


' 
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reducing agent, as is seen by the high negative values (anodic E/2) obtained in their 
presence, and the negative displacemeut of the half-wave potential is a measure of its 


greater reducing power. 

In presence of ammonium chloride AE/2 is found to be still higher (—0.65) than 
that with HCl (—0.63). It appears that ammonium ions have got greater influence than 
hydrozen ions in determining the role of chro: ious in oxilation-reduction reactions. 

Thanks are due to Prof. M.O. Farooq for his keen interest in the progress of this 


work, 


CHEMICAL LABORATORIES, Received January 14, 1959. 


Mustiim University, U. P. 


Explanatory note to Fig 1. 


II)=1.146 m.mol. and Cr(II)=1 m. mol/litre. Gelatine conc.= 0.005%. 


Concentration of Cr(I 
jon =0.2 volt), Polarograms with 


(Each curve shifted to the right by 4 divisions; 1 divis 
the following electrolytes are shown : 


1 M-KCl . 1 M-NH,Cl 

1 M-K,SO, . 1M-Pot. citrate 

1 M-HCl . 1 M-Pot. tartrate 
1 M-Pot. formate 


1 M-H,SO, 
0.5 M-KC1+0.5 M-HCl 1 M-Pot. oxalate. 
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REDUCTION OF PERMANGANATES OF AMMONIUM, POTASSIUM AND 
CALCIUM BY SELENIUM DIOXIDE 


By KunpDAN LAL AND SARVINDER SINGH. PAHIL 


The redaction of p>rminganates of anmonium, potassium and calcium by selenium dioxide 
(5% a] soln.) yields selenic acid, the respective basic metal selenate and a dark brown precipitate 
containing manganous selenite (MnOSeO,), manganic diselenite [Mn/SeO;), or MnSe,%.]} and a 
complex compound of the type 'xR,O. yMnO 2zMnO, where R represents the basic metal. The 
reaction dves not reach completion even with a large excess of selenium dioxide solution. 


Reduction of potassium permanganate by numerous oxidising agents was studied 
by Gooch etal. (Amer, J. Sci., 1832, 44, 301; 1805, 50, 51), Lougier (Bull. soc. 
chim., 1887, ii, 47, 915; Compt. rend., 1887, 104%, 1508), Metzner (‘‘Surquelques 
composes du Selenium et du Tellure’’, Paris, 1898; Compt. rend., 1896, 123, 236, 
998, 1061; 1898, 127, 52; Ann. chim. phys., 1898, vii, 15, 203), Schrenk and 
Browning (J. Amer. Chem. Soc., 1926, 48 2550) and Brauner (J. Chem. Soc. 


1891, 59, 238}. The reaction of potassium permanganate in acidic medium with 
selenium dioxide has been reported as : 


4 SeQ, +3 KMn0O, = SeO, + K,SeO, + 


In the a'kiline medium, Marino (Z. anorg. Chem., 1910, 65, 32) has suggested the 
reaction as: 
2KMnO, + 3SeO, = K,0 + 2MnO, + 3Se0 . 
In the present communication an attempt has been made to study the reduc- 
tion of permanganates of ammonium, pvtassitm and calcium in neutral solutions by 
selenium dioxide ‘5% aqueous solution). 


ExPERIMENTAL 


Ammonium petmanganate was prepared according to Lal and Mehra (this 
Journal, 1956, 33, 668). For every duplicate set a 5% aqueous solution of selenium 
dioxide was prepared from a resublimed sample of the reagent by direct weighing 
and the amount present in each of such solutions was determined quantitatively. 
1% Solutions of potassium and calcium permanganates of A.R. quality were emplceyed. 

To known volumes of the standard solutions of the permanganates, selenium 
dioxide solution was added strictly according to the scheme and order, followed 
earlier (Lal and Singh, ibid., 1955, 32, 547). The resulting dark brown frecipitate 
in each experiment was completely separated and the filtrate along with washings 
was made up to a known volume, 
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The filtrate was acidic in reaction. In the intermediate stage, it respoaded to 
tests for respective basic metal and the selenate ions only. Manganese was also 
sometimes detected in traces. For selenic acid estimations phenolphthalein was used 
as indicator when manganese was absent, but bromocresol green (0.1% alcoholic 
solution) was emp'oyed when manganese was present in traces. Total selenate was 
estimated as lead selenate (Spacu, Bull. soc. chim., 1936, v, 8, 159). 


In the colorless stage, considerable amounts of manganese selenate and the 
unchanged selenium dioxide were also detected in the filtrate. Manganese and the 
respective basic metal were estimated as usual. Total selenate was estimated iodo- 
metrically (Pagel and Jackson, Ind. Eng. Chem., Anal. Ed., 1938, 10, 334) and 
selenite by the Gooch method (Z. anorg. Chem., 1848, 19, 360; cf. J. Amer. 
Chem Soc., 1919, 41, 998), and subsequently free selenic acid was calculated. 


In the coloured stage, the colour of the unchanged permanganate was discharged by 
treating with HCI, and total manganese, after separation as sulphide, was estimated by 
the persulphate method (Travers, Compt. 1rend., 1926, 182, 972 ; Levi and Agenero, 
‘Atti Accad. Lincei, 1906, v, 18, 549, 615; Foster, “‘Elektrochemie Wassriger. 
Lésungen’’, Leipzig, 1923, p. 824). From a definite volume of the filtrate the unchanged 
permanganate was removed by treating with neutral hydrogen peroxide; total 
Selenate was estimated as lead selenate (loc. cit.j, and the amount of selenic acid 
was thus calculated. 


To determine the composition of each precipitate, it was first digested with 
5% HNO; (50 c.c.) at room temperature and kept overnight. The acid extract after 
separation from the residue was found to contain the respective basic metal, man- 
ganese and selenite (Jouve, Bull. soc. chim., 1901, iii 25, 489). Manganese and the 
respective basic metals were estimated as usual and selenite by the Gooch method 
(loc. cit.). 


The residue from nitric acid treatment responded to tests for manganese oxide 
(Lavrukhina, Zhur. Anal. Khim., 1949, 4, 40), manganic diselenite (Marino, Alli 
Accad. Lincei, 1911, v, 20, 447) and manganese dioxide (since a portion of it on heating 
with conc, HCI liberated chlorine more than equivalent to the manganic diselenite 
content of that portion). It was treated with a concentrated solution of KOH and 
allowed to remain in contact for about 24 hours to decompose the diselenite as : 


Mn/SeQ;)2 + 4KOH = MnO, + 2K,SeO; + 2H,0. 


Both, manganese oxide and dioxide, remained as residue whereas potassium selenite 
went over to the filtrate. From the amount of selenium estimated gravimetrically 
(Scott, ‘‘Standard Methods of Chemical Analysis’’, Vol. I, pp. 783-84, Van Nostrand 
Company, Inc., N.Y., 1948) the amount of manganic diseleaite was calculated. 
Manganese oxide was separated by heating the residue with about 30c.c. of 
6N ammonium sulphate solution (Lavrukhina, Joc. cit.) and from the resulting 
solution manganese corresponding to manganese oxide was estimated by the per- 
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sulphate method (Travers, loc. cit.). The final residue, which was only manganese 
dioxide, was estimated by the iodometric method (Mohammad a1d Bedi, this Journal, 
1944, 24, 55) and therefrom the amount of manganese dioxide originally formed 
in the reaction was calculated. I'rom these estimations the molecular composition 
of the ccmplex compound formed in each reaction was determiued. 


TABLE 1 


Various products obtained in the reduction of (NH,)MnQ, (100 c.c., 0.5% soln.) 
by SeO, (5% aq. soln.). 


Totai NH, added = 0.0657 g-. ‘Total Mn added = 0.2007 g. 


scln, Stageof NHyMnO, MnSeQ,4. (NH4)gSeO4. HySeOy. HeSeO3 Mn(SeO,)g. Molecular ratio. 
added. reaction. decomp. unchanged. (NH,4),0 : 
MnO MnO 


8 00 ¢.c. Colcured 50.18 % 0.1206 g. 0 3255 g. Nil O.0IQI g. 1:31.44 1 :1.22 :6.09 
8.co 50.18 0.1185 0.3285 0.0186 131.46 121.21 25.83 
12 co 0.1774 0.4989 0 0258 1:1.46 2%.1975.53 
12 00 75-20 0.1790 0.4953 0.0273 I:1.41 131.28 25.56 


15 Intermediate 100,00 0.2518 06410 ,, 0.0370 1:17.38 1:1.28 :6.18 
15.90 100.00 0.2524 0.6405 5, 0.0375 1:1 37 131.31 :6.31 


18 go Cvlorless 100.co 0.2521 0.6420 0.1314 g. 0.0370 1:31.35 111.29 35.86 
18 go 100.00 0.2527 0.6396 0.1319 0.0364 131-36 31.34 :6.00 


21.90 100.00 02518 0.6430 0.2870 0.0372 1:17.36 1 :1.38 :6.00 
21 90 100.C0 0.2526 06418 0.2889 0.0366 1:1.40 111.275 66 


24.90 . 100 00 0.2530 0.6428 0.4393 © 0372 1:1.36 1:1 36:5 83 
24 90 100.00 0.2521 06432 0.4417 0.0379 1:1 39 1 21.36 :6.00 


Il 


Virious products obtained in the reduction of KMuQ, (50 c.c., 1% soln.) 
by SeO, '5% aq. soln.). 
Total K added = 0.1237 g. Total Mn added = 0.1738 g. 


scIn. Stage of KMnOy MuSeOQy. KySeOy. HySeOy. Mn(SeO3 9. Molecular ratio. 
added. reaction. decomp. unchanged. K,0:MnO: 
MnO :SeOQ 3. 
7.00 Colorless 54.22 % Nil 01714 g. 0.2804 g. Nil 0.0141 g. 171.37 12.90 314.24 
7 00 54.22 0.1706 0.2815 0.0149 I 32.95 :14.20 
10 50 76.74 i 0 2403 i 0.0226 1:1.43 1:3.47:13.85 
10.50 76.74 0.2401 0.3621 0.0224 21.40 I 33.29 :14.06 


14 CO Intermediate 100 0o 0.3117 0.5715 i 0.0372 I 23.29 :12.64 
14.00 100,00 0.3119 0.5744 0.0366 1:1.4t 133.36 212.66 


16.co Colorless 100.00 0.3120 0.5703 0.0803 g. 0.0376 1:1.40 133.33 /12.22 
16.00 100.00 0.3115 05720 0.0788 0.0370 171.36 133-42 212.35 


18.91 100,00 0.3124 0.5711 0.1842 0.0374 11.38 I 23-44 212-18 
18.00 100.00 0.3129 0.5715 0.1827 0.0376 171.42 1:3.47 [12-22 


20 50 100.00 0.3119 0.5727 0.3136 0.0366 131.37 I °12.01 
20.:0 100.00 0.3126 0.5733 0.3152 0.0370 1:51.40 1:3.3112.09 
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Tas.e III 


Various products obtained in the reduction of Ca(MnO,), (50 c.c., 1% soln,) 
by SeO, {5% aq. soln.). 
Total Ca added = 0.0720 g. Total Mn added = 0.1978 g. 


SeO,scln. Stageof CaSeO,y. HySeOy. HySeQ, Mn(SeO;\9. Molecular ratio. 


added. reaction. (decomp.). unchanged. CaO :MnO: 
MnO:SeQ_. MnO. 


7.40 C.C. Coloured 50.88 % Nil 0.1436 g. 0.2856 g. Nil 0.0180 g. 1:0 74 131.54 11.70 


7 40 50 36 0.1445 0.2867 0.0182 1:0. 6 
11.10 ” 74.26 Nil 0.2160 0 0.0271 1:0 78 1:2 0011.70 
1I.10 74.26 0.2160 0.4282 © 0261 1:0 1:2 08 :11.67 
14.80 Intermediate 100.00 0.0032 g* 0.2908 0.5695 Nil 0.0385 1:0.76 1:2.38:11.34 
14.80 100.00 0.0032 0.2914 © 5695 © 0380 1:0.74 1:2.29 211.32 
17.80 Coler'ess 100.00 0.0428 0.2001 0.5711 0.1367 g- 0.0378 1:0 8 1:2 33 310.37 
17.80 100.00 0.0432 0.2893 0.5707 0.1374 0 0388 1:0 76 132.27 510.37 
20.80 ‘te 1¢0.co 0 0425 0.2905 0.5698 0.2974 0.0382 1:0.76 12,32 :10.47 
20 80 100 00 0.0432 0.28098 0.5719 0.2964 0.0388 130.75 1:2 29:10.42 
23.80 100 CO 0 0428 © 2894 ©5715 0.4553 0.0385 1:20.74 1 :10.38 
23.80 100.00 0.0439 0.2889 0.5666 0.4432 0.0390 1307» 132.35 510.43 


DISCUSSION 


In this investigation the main reaction is regarded to be due to ‘he permanganate 
ions rather than the hydrated manganese dioxide. The hydrated mangancse dioxide, 
only when it is freshly precipitated, shows some tendency to react with selenium 
dioxide. The reaction does not proceed for long and excessive additions of selenium 
dioxide solution then pass on uncharged to the filtrate. 


The formation of the dark brown precipitate, consisting of manganous selenite, 
manganic diselenite and the complex compound of the general composition, xR,0O.- 
yMnO. zMnO,. starts in the preliminary stage of the reaction and incrcases up to 
the intermediate stage. After the intermediate stage, a slight decrease in the value 
of manganese dioxide with a corresponding increase in that of selenate is noticed. But 
it does not continue for long, showing thereby that the reaction of h,drated manganese 


dioxide is simply limited. 

Manganese selenate appears among the products of reaction only after the 
complete reduction of permanganate ions. Since it is not detected in the coloured 
stage nor it continues increasing in the colorless stage, it evidently seems to 
be a result of the interaction of freshly precipitated hydrated manganise dioxide 
and selenium dioxide. ‘The suggested reaction may be as: 


MnO, + SeO, = MnSeO, a — 


hydrated 


In order to support this statement the samples of anhydrous and 
In the 


manganese dioxide were allowed to react with selenium dioxide solution. 
former experiment manganese selenate formation was not detected even on boiling 
the reaction mixture, whereas in the latter it was detected at ordinary temperature. ; 
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The residual hydrated manganese dioxide from the latter experiment produced more 
manganese selenate on heatitig with selenium dioxide solution. But the reaction did 
not reach completicn on boiling even with a large excess of selenium dioxide 
solution. This suggests, probably, that a prvtective film of the adsorbed selenium 
dioxide on the particles of the hydrated manganese dioxide is formed. On boiling, 
the film breaks and leads to further reaction. But before long a thicker film is 
formed and therefore the reaction discontinues again. 


Manganese selenate may have been produced even in the coloured stage, but 
according to the general reactions of Guyard (Bull. soc. chim, 1864, 1, 89) 
and Wright and Menke (J. Chem. Soc., 1880, 87, 34), it reacts with the unchanged 
permanganate as : 


3MnSeO, + 2RMnO, +2H,O = 5MnO, + R,SeO, + 2H,SeQ, . uv & 


and therefore does not exist among the react‘on froducts up to the intermediate 
stage. 

A regular increase in the amounts of selcnic acid and the basic metal oxide 
up to the intermediate stage suggests that only permaganate ion may be held responsible 
for these formations and may be regarded to be partly due to the reaction : 


4RMnO, + 6H,SeO;, = R,SeO, + 5H.SeO, + 4MnO, + R,O +H,0 


and partly due to reaction (ii). The formation of selenic acid may be due to 
reaction (iv) also. 


The formation of manganous selenite is effected only up to the intermediate 
stage. This suggests that in the presence of permanganate ions, probably, some 
such reactions as : 


MnO, = MnO + O 
MnO + SeO, = MnSeO, \ (iv) 
+O = SeO,; 
SeO, + H,O = H,SeOQ, 


tuke place. But due to the insoluble nature of manganous selenite (MnSeQ,) it 
remains in the precipitate, and therefore shows no tendency to undergo reaction (ii). 


Lougier (loc. cit.) has observed that selenium dioxide reacts with manganese 
dioxide to produce a selenite of manganese dioxide [(MnO,.2S:0,) or Mn(SeO,', or 
MnSe,0,] which in presence of excess of selenium dioxide partly yields manganese 
selenate and a precipitate consisting of manganese sesquioxide and manganese dioxide. 
Manganese sesquioxide, perhaps, further disprep-rtionates to manganese dioxide and 
manganese oxide, and the latter produces manganous selenite with selenium dioxide. 
Since both manganous selenite and manganic diselenite attain the maximum values 
in the intermediate stage, it quite agrees with the view that only the freshly 
precipitated hydrated mangancse d'oxide shows some tendeacy to react with selenium 
dioxide under these conditions. A side reaction of the hydrated manganese dioxide as : 


MnO, + 2Se0, = Mn(SeQ;), eve (v) 


‘ 
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may also be considered responsible for the formation of manganic diselenite (Marino, 
loc. cil.). 

The complex compound, represented by the formula, xR,O. yMnO. zMnO,, may 
find its origin in the formation of a polypermanganous acid, H,Mn,0O;, which due 
toa very feebly acidic property of the hydrated manganese dioxide is produced in the 
preliminary stage of the reaction. It leads to the formation of higher acids, and 
subsequently higher permanganites (Biltz, Gott. Nachr., 1930, 189; “Ueber die 
manganige Saure’’,. Berlin, 1930; Cocosinschy, Z. anorg. Chem., 1930, 186, 176; 
1930, 189, 283; Gorgeu, Ann. chim. phys., 1862, iii, 66, 161; Compt. rend., 1877, 
84, 177; 1879, 88, 707; 1890. 110, 1134; Bull. soc. chim., 1890, iii, 3, 781 ; 1890, 
4, 16; 1903, 29, 1111, 1167). 


IV 


Composition of various complex compounds formed in the reduction of 
ammonium, potassium and calcium permanganales by selenium dioxide (5% aq. soln.). 


Permanganate, Coloured stage. Intermediate stage. Colorless stage. 
1. (NH,4),0. MnO. 6MnO, (NHq,0. MnO. 6MnO, (NHq,0. MnO. 6Mn0, 
(100 c.c., 0.5% soln.) 2. Do 2. Do 
Do 
KMn0O, 1. K,0. 3Mn0. 13MNO, 1. K,O. 3MnO. 12MnO, 
(soc.c., 1% soln.) 2. Do 2 Do 
3. Do 
Ca'Mu0O,)2 1. CaO. 2MnO. 12Mn0, CaO. >MnO. 11Mn0, 1. CaOg. 2MnO. 10Mn0, 
(s0c.c,1% soln.) 2. Do 2. Do 
> Do 


The variation in the composition of these compounds in the corresponding 
stages in the reduction of ammonium, potassium and calcium permanganates may 
be regarded to be- due to the difference in the basic behaviour of these metal ions 


(Table IV). 
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SPECTROPHOTOMETRIC STUDY OF ALUMINIUM-SALICYLIC 
ACID COMPLEX 


By BAMDEV DAs AND 5. ADITYA 


The nature of Al’+—salicvlic acid complex has been investigated by use of ultraviolet spectrophoto 
metry. The composition of the complex has been determined by Job's method of continued variation. 
From the optical density measurements the stability constant of the complex has been calculated. The 
stability constants at ionic strengths 0.02, 0 05, 0.1 and 0,2 are 2.86 (+1.1) x 104, 2.43 (+0.95) X104, 1.87 
(40.77) x 104 and 1.65 (+0.67) x10! respectively. The thermodynamic constant, found by extrapolation, 
is 4.6 14. 


Phenols and phenolic acids are known to form complexes with different metal ions. 
Babko (Zhur. Obshchei Khim., 1948, 18, 1617) studied the nature of the Al’*—salicylate 
complex by the displacement method. A colour was developed by mixing Fe** and 
salicylic acid and the decrease in intensity was measured on addition of Al** solution. 
Assuming the complex to be similar to that of iron complex, he calculated the complexity 
constant. He also measured the ultraviolet absorption spectra of solutions of salicylic 
acid and salicylic acid mixed with aluminium nitrate and calculated the stability constant 
of the complex. 

A critical study of Babko’s work shows that the stability constant determined by 
the different methods differs by a factor of 10. He based his calculations on the assump- 
tion that the composition of the complex was similar to that of Fe** complex without 
any direct proof for the same. Further, in his work Al** solution used was in the form 
of nitrate. From recent works (Bale et al., Trans. Faraday Soc., 1956, 52, 116) on ionic 
equilibrium in solution, it is known that metal nitrates do not exist as simple ions in 
solution. As such, for the determinatioa of stability constants of complexes, it is better 
to use metal perchlorates which are supposed to provide simple ions. Besides, in none 
of the earlier works care was taken to keep the ionic strength fixed nor any account 
taken of the ionic strength. 


In the present work, the nature of the complex has becn studied using aluminium 
perchlorate solution. ‘The molar composition of the complex has been shown from 
absorbancy measurements at different wave-lengths using Job's method of continued 
variation. ‘The stability constant has been determined at different ionic strength. 


ExPERIMENTAL 


Aluminium perchlorate was prepared by heating pure aluminium chloride (L.R.) 
with concentrated perchloric acid (E. Merck, reagent grade) till it was completely free 
of chloride. It was then diluted tothe required volume and sufficient perchloric acid 
was added to maintain the pH cf the solution below 3 to prevent hydrolysis. ‘The 
aluminium content was estimated as oxide, 


> 
= 
| 
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Salicylic acid (EH. Merck, reagent grade) was dissolved in double-distilled water and 
estimated against standard alkali. So:lium perchlorate, used to maintain the ionic 
strength, was of B. D. H.-L. R. quality. 


Solutions used were prepared by mixing together calculated amounts of Al(CIO,); 
and salicylic acid of known strength. Sodium perchlorate was added to control the 
junic strength. The pH was adjusted by adding, before making up the volume, the 
required amount of acid or alkali. The quantity of acid or alkali to be added for 
adjusting the pH was determined from separate experiment, using a Marconi battery- 
operated pH-meter, model TF 511D. Since the solution contained perchlorate, KCl in 
the standard calomel was replaced by NaCl solution and the performance of the 
instrument was checked with a series of buffers. 


The absorption of the solutions was measured with a Hilger-Watt ‘Uvispek’ spec- 
trophotometer. ‘Two quartz cells with 1 cm light path were used. To compensate for 
the slight non-matching of the cells, which might be there, readings were taken with 
cells interchanged (Bale et al., loc.cit. ; cf. p. 9 of the working manual of Unicam SP 600), 
i.e., one set of three readings was taken with solvent in cell I and solution in cell Il 
and another set with solution in cell I and solvent in cell II. The averages of these 
readings were taken to provide the absorbance of the solution. 


The slit width at different wave-lengths was adjusted in accordance with the table 
of optimum slit width recommended by the maker. Throughout the spectral range the 
recommenned dial setting corresponded to a band width of about 58. 


All measurements of absorbance were taken at room temperature (26-28°). Within 
this range of temperature variation, absorbance varies very little (cf. Turner and 
Anderson, J. Amer. Chem. Soc., 1949, T1, 913). 


Aluminium perchlorate was found to be transparent between 28004 and 35008, The 
absorption spectra of salicylic acid and its salt in the ultraviolet region have 
been recorded by a number of workers and reviewed in the International Critical Tables 
(1953, Vol. 5, pp. 341, 362, 373). However, in the present work, as a preliminary to 
our studies, the ultraviolet absorptions of sodium salicylate as well as of salicylic acid at 
different pH were measured. ‘The molecular form has an absorption maximum at 30208 
and the ionic form at 29654 in agreement with the observations by Edward (Trans. 
Faraday Soc., 1950, 46, 723). The extinction coefficient for the molecular from, cal- 
culated from our measurements, was 3660 against 3620, reported by Edward and the 
ionic form, 3500 against 3520 by the same author. From the absorption curves, the 
dissociation constant of salicylic acid has been calculated by the method of Flexser 
ei al. (J. Amer. Chem. Soc., 1934, 56, 2010). The average vaiue of pK was 2.9. 


Prior to the quantitative study, the effect of addition of Al(ClO,); on the absorption 
spectra of salicylic acid was investigated. Preliminary runs showed that in presence of 
AI(CiO,); salicylic acid had a different absorption maximum than that of the pure acid. 
In, presence of excess of Al**, salicylic acid solution around pH 4 was found to show 
a maximuin absorption at 310 mp. 
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Effect of H*-ion Concentration.—The absorbance of solution of Al** and salicylic 
acid was run over a pH range of 1.37 to 10. It was observed that as the pH increased 
from 1.37 to about 4, the absorption maximum showed a tendency to shift to a higher 
wave-length, but with further increase in pH, the absorption maximum shifted to a lower 
wave-length, and finally came to that of the ionic form of salicylic acid. 

At lower pH, the H* ion as well as Al®* will combine with salicylate ion. So, in 
solution, there will be some Al’*—salicylate complex and some free salicylic acid. As 
the pH becomes higher, more of the complex will be formed. Therefore, the absorption 
maximum will move towards the higher wave-length with the rise in pH. But with 
further rise, the OH™ will become more and start combining with Al**. Thus, the 
concentration of free salicylate’ ion will tend to increase and the absorption maximum 
will move towards that of salicylate ion, which is at a lower wave-length. Further 
increase in PH will result in the combination of all Al’* with OH™ and only free salicy- 
late ions will be left in the solution. ‘Therefore, the absorption curve becomes similar 
to that of sodium salicylate. The study of the variation of the absorption maximum 
with PH shows that the maximum amount of the complex is formed between PH 4.0 and 
5.0. So for further study, measurements were done with solutions having PH 4.4. 


Fic, 1 


TOTAL MOLARITY 
1.553010" 
0.12 L & 2.3295x10 
3.106x1074 


Optical density. 


| 
0.5 110 
-0.04 


acid. 


Composition of the Complex.—The composition of the complex at pH 4.4 was deter- 
mined by the method of continued variation. The U.V. spectra of the solution containing 


4—1996P—7 


0.16 
0.08 
y 
ap 
=0.08 
(0) 
20.12 
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Al** and salicylic acid with pH adjusted at 4.4 were run over 250 to 350 mA. 
The total molarity was kept constant and the ratio of metal ion and the acid was varied. 
The total molarity in the three cases was respectively 1.553 x 10‘, 3.106 X r0*, 2.329 X 10*. 
From the theoretical considerations of the continued variation method, D and (Dm — D) 
(whereDm and D refer respectively to the optical density of the mixed ‘solution and 
that of salicylic acid solution of the same pH) for any particular wave-length except at 
the isopiestic point, could be plotted against composition. In the present case we chose 
to plot D against composition for wave-lengths 305 m# and 290 mz. At 305 mp the 
complex has a higher absorption than that of the free complexing agent, and at 290 mu 
the complexing agent has a higher absorption than that of the complex. As such D at 
305 mp passes through a maximum and that at 290 mp passes through a minimum, 
when plotted against composition. In both cases, as seen from Fig. 1, the molecular 
composition is in the ratio of 1:1 of Al** and salicylic acid. 


Determination of the Extinction Coefficient at 305 mu.—The extinction coefficient 
of Al°*—salicylate complex was determined by measuring the absorption spectra of ’solu- 
tions containing different proportions of Al(CIO,), and salicylic acid in the ratio of 9:1, 
10:1, 12:1, the concentration of the complex being assumed to be equal to the concen- 
tration of the species present in the lower concentration. Al(CiO,),; was taken in a larger 
amount as it did not absorb at 305 mu and the absorption was due to the complex. At 
305 my, the average value of the extinction coefficient was 4351 + 17. 


TABLE 1 


Stability constant of Al**-salicylate complex. 
pH = 4.4. Wave-length = 3050 &. 


No. Concentration of Optical Tonic Stability Average. 
A1(C1O4)3. Salicylic acid. density. strength const. 
I. 1.5530X10°4  1.2424x 1074 0.4830 0.02 3-55 X 104 
2 0.9310 0.7765 0.2705 * 1.42 
0.9310 1.2424 4245 2.15 2.86(+1.1)xi0!4 
4 1.5530 1.5530 0.6007 - 4.33 


5 1.5530 1.2424 0.4775 0.05 2.95 
6. 1.2424 1.5530 0.5428 “ 1,63 

% 1.3977 1.2424 0.4745 a 3037 2-43( +0.95) X 104 
8 0-7765 1.0871 0.3530 1.00 

9 1.5530 1.5530 0.5822 ” 3.21 


2.74 


1.5530 1.2424 © 4755 
II. 1.3977 I 2424 0.4642 “ 2.40 
12. 0.7765 1.0871 0.3530 as 0 96 
0.9318 1.2424 0.4150 1.13 


1.87( +0.77) x 104 


14. 1.5530 1.2424 0.4698 0.20 2.29 
15. 1.2424 I 5530 0.5370 = 1.24 
16. 1.3977 1.2424 0.4635 2.35 165(+067)x1°4 
17. © 7765 1.0871 0.3390 a 0.52 


0.2830 1.85 


1 0871 0.7765 


c 


{ 
I 
V 
a 
V 
18. 


of 


of 
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Determination of the Stability Constant.—The optical densities of the solutions with 
pH adjusted and definite amount of NaClO, added to fix the ionic strength, were measu- 
red. The results are recorded in ‘Tab'e I. For the calculation of the stability 
constant, the value of the extinction coefficient of salicylic acid was obtained by measur- 
ing the optical density of salicylic acid solution of different concentrations with pH 
adjusted to 4.4; the average value found was 2780+16. ‘The stability constant was 
calculated for ionic strengths, 0.02, 0.05, 0.1 and 0.2, The ionic strength was taken to 
be equal to the concentration of NaClO, as the conceutration of the complex and of the 
constituents were comparatively small. 


DIScUSSION 


From the table the value of the stability constant appears to decrease with the 
increase in the ionic strength of the solution. Similar observation was made in connec- 
tion with the work on alu:ninium sulphosalicylate from this laboratory (this Journal, 
1957, 34, 577). From the vulues of the stability constant at different ionic strengths, the 
thermodynamic stability constant was calculated. 

Since there is no suitable equation which can be used, empirical extrapolation has 

een made. Log K has been plotted against square root of ionic strength as well as ionic 
strength, and the value of log K at zero ionic strength is 4.69 and 4.64 respectively, 
corresponding to K = 4.810‘ and 4.410%. The average value of the thermodynamic 
stability constant is 4.6 x 10°. 


Babko (loc.cit.) reports for Al**—salicylate complex a value between 10"* and 10. 
In Babko’s work, no ionic strength has been mentioned, so a semi-quantitative compari- 
son is only possible. 


In the present investigation the equilibrium has been represented as 


Al’* + HR = MR + H* 


where HR represents | | OH 


—COO- 


and K (stability constant) = 


[MR] 
[Cu totar — Cur] [Cur tota — Cur)’ 


where [H*] is constant, or K = 


at PH 4.4, the whole of salicylic acid is in the form of HR™~. 


Babko represents the equilibrium as M+R = MR (for simplicity of expression the 
charge on the ions is left out). So the coustant, in the presentation of Babko, is given by 


x’ = _[MR] 
[M] [R] [M] [HR]’ Ka 


where Ka — i.e., the ionisation constant of the phenolic hydrogen. 
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Now [LHR Jtotat = [HR Jiree + [R] + [MR] 
(Total ligand) 
[HR Jtctor [MR] = Cur — Cun = [HR ]iee + [RI]. 
At low pH, [R] is small ; so [HR Jireo = Cur totar — Cur. 


+ 
Therefore K’ = K 
Ka 


aud thus K’ can be calculated from the present result, if Ka is known. 


4 -5 
Thus = 1.3 10" (since Ka = 107"), 


10 
The present result is of the same order as reported by Babko from his dispiacement 


measurement. 
The authors wish to thank Sri R. K. Nanda for his invaluable assistance in course 


of the work. 
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PREPARATION OF o-N-ARYLCARBAMYLPHENYLSULPHONAMIDES 
AND 3-ARYLAMINO-1 : 2-BENZisoSULPHONAZOLES 


By Rupra Pratap SincH* 


Nine new o-N-ary!carbamylphenylsulphonamides aud 3-arylamino-1 :2-benzisosulphonazoles have 
been prepared by the action of some aromatic amines on saccharin under varied conditions. 
The mercurated derivatives of the latter series of compounds have also been described. 


Mannessier-Mameli (Gazzetla, 1935, 68, 51) reported a number of aryl- 
ammonium saccharinates (I) while studying the difference in the behaviour of 
saccharin and thiosaccharin towards anilines. 


Anisidines (o- and p-), phenetidines (o- and p-), naphthylamines (2- and 8-), 
p-aminodimethylaniline. 4 m-xylidine and p-xylidine have now been employed in 
the preparation of o-N-arylcarbamylphenylsulphonamides (II) via the corresponding 
saccharinates (I). The sulphonamides (II) were also obtained directly from saccharin 
and aromatic amines by genile boiling. At high temperatures the sulphonamides 
(II) yielded a new series of compounds (III and IV). 


sO, 
NH NHR NH, 


(III) 


[‘‘R"’ corresponds to those in Table I, column 2). 


The 3-arylamino-1 :2-benzisosulphonazoles (III) have been more conveniently 
obtained from y¥-saccharin chloride and aromatic amines in suitable solvents. The 
compounds thus prepared were all obtained as crystalline solids (Table III). The 
compounds (III) can also exist in the tautomeric form (IV) (Schrader, J. prakt. Chem., 
1917, 95, 312). Indeed, the exocyclic nitrogen atom no longer behaves as an 
amino-N but rather like an amido-N. It does not form the hydrochloride or 
methoiodide. The sulphonazoles (III) in alcohol-acetic acid with mercuric acetate 
yield mercurated compounds (V), which further confirm their structures. 


* Present address : Dept. of Organic Chemistry, University of Adelaide, South Australia. 


(I) (II) 
Ln \w Jf 201 
(IV) (V) 
| 
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EXPERIMENTAL 


Arylammonium Saccharinales (I).—-Equimolecular quantities of saccharin and 
aromatic primary amines were agitated for 15 minutes at room temperature. ‘This 
evolved heat and yielded nearly 95% saccharinates. The saccharinates were separated 
and purified by following the method recommended by Mannessier-Mameli 
(loc. cit.). The data regarding the properties and the analyses are recorded in 
Table I. The compounds obtained had a sweet, caustic taste. On acidification 
of their aqueous solutions, saccharin ,was easily precipitated. 


TABLE I 
Arylammonium saccharinates. 


No. Arylgroup R. Yield. -Cryst. Colour. M.P. Formula. % Nitrogen. % Sulphur. 
. from. Found. Cale. Found. Calc. 


o-CH30 92% Ethanol White 154° CyHySOyN_, 9.04 9.15 10.40 10.46 

p-CH3;0.CcHy- 94 Pink 139° CyHySOyNg = 10.51 10.46 

Pyridine- Dirty 195° 872 8.55 9.09 10C0 
pet. ether green 

9? Ethanol Green 220° CysHigSOyN, 88.63 8.75 9.95 10.00 

5 96 Pink-red 105° CyyHygSO3Nq 8.52 8.59 9.75 982 

alccho 

6 B-C,9H?- Violet 112° CyHySO;N, 8.51 8.59 9.79 9.82 

7 89 Methanol Brown 207° 9-17 6.21 10.50 10.53 

8 p-(CH3)gCgH3- 87 Acetone 213° 10.48 10,53 
rown 

9 P-(CH;),N.CeHy 93 #&Pet.ether Brown 186° CysHyzSO3N3 13.11 13.17 10.00 10.03 


I 
2 
3 
4 


o-Arylcarbamylphenylsulphonamides (II).—Equimolecular weights of saccharin 
and the aromatic amines were heated to incipient boiling for different time intervals 
‘vide ‘Table II). The reaction mixture was then allowed to stand several days in 
darkness. The product was distilled with steam and the residue was purified by 
extracting with suitable organic solvents. The compounds are usually tasteless 
and insoluble in cold alkali hydroxides and carbonates. ‘The compounds are easily 
oxidised by KMnO, to saccharin. Heating at ordinary pressure to a high tem- 
erature decomposes them co:npletely into saccharin and the corresponding amines. 
The properties and analytical data of these compounds are recorded in Table IT. 


TABLE II 
o-Arylcarbamylphenylsulphonamides (11). 


*No. Reflux Yield. Cryst. from. Colour. M.P. Formula % Nitrogen. % Sulphur. 
Cale. Found. Calc. 


EtOH-benzene White grey 176° CH . 9.15 10.46 
Do Red 144° CyHyS Oye 9.15 10.46 
Pet. ether Brownish 192° 8.75 19.93 
green 
Benzene-hexane Chocolate 187° 8. 8.75 10 00 
MeOH-acetone Light brown 215° Cj7HySO3Nz. 8. 8 59 . 9 82 
Chlorofrom Chocolate 163°  CyyHySO3N_, 8. 8.59 7 9 82 
Methanol Brownish CisH;gSO3Nq 9.21 10.53 
green 
Dimethyl for- Chocolate 179° 9-18 9.21 10 53 
matmide 
90 Do Dark brown 225° C)5H7SO;N; 13.17 10.03 


* Nature of the aryl group R corresponds to those in Table I (column 2). 


on ana 


4€0 
4 
1.5 hr. 
1.0 7 
1.3 9 
1.5 
1.4 
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3-Arylamino-1 2-benzisosulphonazoles (I11I & 1V).—(a). The equimolar weights 
of the above sulphonamides (II) were refluxed with the corresponding amines (Table 1) 
for 18-21 hrs. During this period, water and ammonia were evolved and finally 
a brown pitch was obtained. The pitch was distilled with steam and the residue 
was dissolved in 2N-KOH. The solution was separated from a bluish brown 
precipitate, acidified with 2N-H,SO, and allowed to stand overnight. The coloured 
crystals thus separated were purified with aqueous alkali and acetic acid (conc.) and 
finally recrystallised. The yield was about 80%. ‘These compounds are listed in 
Table IIT, 


The above sulphonazoles were also obtained by prolonged heating of the 
saccharinates (I, 1M) with the corresponding amines (2M), but the product was 
inferior as there was always formed an unidentifiel brown compound, soluble in 
aqueous alkalies (repptd. by acids), insoluble in acetic acid and sodium carbonate. 
This made the purification of the sulphonazoles rather difficult. 


(b). Saccharin chloride, 3-chloro-1 :2-benzisosulphonazole, was prepared by 
standard methods (Jesurum, Ber., 1£93, 26, 2286 ; Meadow and Reid, J. Amer. Chem. 
Soc , 1943, 66, 457 ; Grogan, Reid and Rice, J. Org. Chem., 1955, 20, 1425). 

¥-Saccharin chloride {6 g., 0.03 M) was dissolved in an inert solvent (50 c.c.) 
and to this was added slowly the calculated quantity (0.03 M) of the amines 
(Table I) in the same or miscible solvents. The mixture wa3 refluxed for 14 hours 
and the solvent removed in vacuum.’ The mass was powdered and extracted with 
suitable solvents (the extraction continued for 4g hrs.’. ‘ihe yield was 80-85% and 
the product was coloured and crystalline. The data regarding the properties and 
analyses are recorded in ‘Table IIT. 


TABLE III 
3-Arylamino-1 : 2-benzisosulphonazoles. 
*No. Yield by Cryst. from. Colour. M.P. Formula. % Nitrogen. % Sulphur. 
Method Found. Calc. Found. Calc. 
(a). (b). 
1 80% 85  Ethanol-water Deep-blue 288-8y° 9.61 = 9.72 
2 76 79 Dimethyl- Brown 298-299° 68 9.72, 
formamide 
3.72 80 Chloroform Violet 310-311° C)sHySO3Ng 9.19 1059 
4 79 Acetone Green 278-80° CysHySO3Ng 10-59 
5 77 84 Methanol Black 307-308° 8.99 
6 75 75 Acetic acid 290-291° 9.02, 9009S: 10-30 10.38 
7 68 78 Dimethyl- Chocolate 292-93° CisHySO2Ng 9.71 9.79 15.12 11.19 
formamide 
8 65 74  Pet.ether Deep red 280-281° CysHySO2Ng 99-74 TQ 1.19 
9 83 86 Acetone- Dark brown  325-26° 13.89 1395 10.58 10.63 
methanol 


* Nature of the aryl group R corresponds to those in Table I (column 2). 


Mercuration of 3-Arylamino-1 :2-benzisosulphonazoles (II1).—The above sulphon- 
azoles (0,01 M) were dissolved in 1:1 mixture of alcohol and acetic acid and to 
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this was added a solution of mercuric acetate (003 M) in water, acidified with 
acetic acid. Precipitate appeared in some cases after a short standing. The 
reaction mixture was allowed to stand overnight at room temperature, filtered and 
thoroughly washed successively with hot water, dilute alcohol and very dilute 
acetic acid. The product was dried in vacuum over P,O,;. The properties and 
analytical data of the mercurated compounds (V) are recorded in Table IV. 


TABLE IV 


Group R’. 5 Yield. Formula % Mercury. 

Found. Calc. 
o-CH; O.C,H,- 321 36.60 36.61 
305° CigH);0;N2SHg 36 60 36.61 
298° 35 €2 35.70 
346° 35-62 35-70 
a-C\gH;- 285° CigH)5N,SHg 35-44 35-32 
B-C\gH7- 34° 35-44 35-32 
4-(m)- >350° Cy7Hy7ON,SHg 36 58 36.74 
255° Ci7H704N,SHg 36.58 36.74 
> 350° 35.56 35-76 
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PHOTOLYSIS OF URANYL SULPHATE AND ISOLATION OF 
URANIUM (IV) OXYSULPHATE 


By BALARAM SAHOO AND D. PATNAIK 


An aqueons solution of uranyl! sulphate with half its volume of formic acid and absolute alcohol on 
exposure to sunlight undergoes photolysis, when bright green hydrated uranium (IV) oxysulphate 
UOSO,, 3.3 H,0 is precipitated. On heating this aquo-oxysulphate at 150-60° in vacuum for 3 to 4 hours, 
the anhydrous compound has been obtaineg. 


The photo-reduction of urany! ion in the presence of both sulphate and oxalate ions 
occurs in actinometry wherein formic acid has been identified as a product of reaction 
(Buchi, Z. physikal. Chem., 1924, 111, 262). This fact led us to attempt the preparation 
of uranium (IV) oxysulphate by the same photolytic method employed in the isolation 
of uranium (IV) oxyoxalate (Patnaik and Sahoo, Curr. Sci., 1958, 27, 2092) in the 
presence of formate ion, although the compound as dihydrate was known to have been 
formed earlier by the hydrolysis of uranous sulphate U(SO,), (Seaborg and Katz, 
“The Actinide Elements’’, 1st ed., 1954, p. 156). Whena solution of uranyl sulphate 
is exposed to sunlight with a mixture of formic acid and absolute alcohol, a bright 
green precipitate is obtained, which on analysis shows that the compound is hydrated 
uranium‘IV) oxysulphate having the formula UOSO,, 3.3 H.O. The anhydrous 
compound has ulso been prepared. 


ExPERIMENTAL 


Uranyl sulphate and formic acid used were of B.D.H. and E. Merck quality respec- 
lively. Uranyl sulphate (2 g.) was dissolved in water (15 c.c.) and exposed to sunlight 
with half its volume of a mixture of formic acid and absolute alcohol, when a bright 
green precipitate was formed after §-10 minutes, and more of it was obtained on 
further exposure. Aftera period of 4to6 hours of exposure, the precipitate was 
filtered, washed three to four times with absolute alcohol and dried in a vacuum 
desiccator for 10 to 12 hours, after which the analysis of the compound was carried out. 


The molecular weight of the compound was determined by dissolving a weighed 
quantity of the compound in 6N-H,SO, and precipitating uranium as hydrated oxide 
with NH,OH. The precipitate was filtered, washed and next heated ina platinum 
crucible to U,;O, and weighed, from which the molecular weight was calculated. The 
uranous content was estimated by titrating solutions of the weighed quantity of the 
substance in 6N-H,SO, against standard KMnO,. In order to confirm that all the 
uranium was in the fourth valency state, separate determination of it was also done 
by the Jones reductor method (Vogel, “‘A Text Book of Quantitative Inorganic 
Analysis’, 1951, 2nd ed., p. 318). For the estimation of sulphate, a weighed quantity 
of the compound was dissolved in 4N-HCl and uranium was precipitated by NH,OH, 
The precipitate was filtered, washed and the filtrate was used for the estimation of 
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sulphate as BaSO, (Vogel, loc. cit., pp. 401-402). The compound was also tested to 
be free of formic acid. The analytical data recorded in Tables I and II show that 
the compound is aquo-oxysulphate having the formula UO(SO,), 3.3 HO. 


TABLE I 


Compound. U,03 *M. W. Compound U** by direct titration with KMnQ,. 
taken, found. found. taken. Calc. Found. 


0.2502 g. 0.1722 g. 407.8 0.2110 g. 0.1225 g. 0.1226 g. 

0.1845 0,1267 408.6 0.1747 0.1014 0.1012 

0.2466 0.1690 409.6 0.2465 0.1431 0.1428 

0.1990 0.1358 411.3 0.1910 0.1109 0.1107 
M. W. (calc.) = 410, 


Tasie II 


Estimation of uranium by the Jones reductor and sulphate as BaSO,. 


Compound Uranium. Compound. BaSO,. 
taken. Calc. Found. taken. Cale. Found. 


0.2706 g. o 1571 g. 0.1571 g. 0.1896 g. 0.1078 g. 0.1080 g. 
0.2411 0.1400 0.1404 0.1845 0.1050 0.1048 
0.2032 0.1180 0.1184 0.2466 0 1403 0.1395 
0.1894 0.1099 0.1094 0.1990 0.1132 0.1132 


When this compound was dried in vacuum at 150-60° for 3 to 4 hours, the anhydrous 
compound was obtained. The analytical data are recorded in Tables III and 1Vs 


TABLE IIT 


Compound . Compound U** by direct titration with KMn0Q,. 
taken. Found. taken. Cale. Fouud. 
0.2390 g: 0.1903 g. 0.1012 g. 0.0688 g. 0.0681 g. 
0.1279 0.1019 0.1600 0.1088 0.1073 


0.2186 0.1757 0.1902 0.1293 0.1285 
0.2230 0.1780 0.2620 0.1781 0.1773 


TasLe IV 


Compound Uranium. Compound BaSQ,. 
taken. Cale. Found. taken. Cale. Found. 


0.1668 g. 0.1154 g. 0.1150 g. 0.2390 g. 0.1593 g. 0.1582 g. 
0.1852 0.1259 0.1246 0.1279 0.0852 0.0850 
0.1535 0.1044 0.1041 0.2186 0.1457 0.1450 
0.1517 0.1032 0.1028 0.2230 0.1486 0.1478 


The molecular weight recorded in Table I for the oxysulphate may be attributed 
to the other alternative formula, UOSO,, C.H;OH, H.O. In order to ensure that the 
compound was free from organic substances, combustion in the presence of PbO, was 
undertaken as UOSO, decomposed at high temperature affording oxides of sulphur. 
Increase in weight of the soda-asbestos tube was not found, indicating the absence of 
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carbon dioxide and, hence, organic substance was not associated with the compound. 
There was increase in weight of the tube containing magnesium perchlorate to absorb 
water. The data recorded in Table V confirm the compound to be aquo-oxysulphate 


having the formula UOSO,, 3.3 H.O. 
TABLE V 


Compound Water. 
Found, 


taken. Calc. 


0.0187 0.0190 g. 


0.1278 ge 
0.1386 0.0199 0.0202 


This photolytic process has been applied for the separation of uranium from 
aluminium and vanadium in this laboratory and will be published in due course, 


DEPARTMENT OF CHEMISTRY, 
RAVENSHAW COLLEGE, 

UTKAL UNIVERSITY, 

CUTTACK-3, Received December 30, 1958. 
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SYNTHESIS OF POSSIBLE AMOEBACIDES. PART V 


By S. N. SAWHNEY AND C. N. Kacurvu 


Synthesis of B- and and 
propylamine with methyl] and n-propyl] substitutions have been described. 


_In Part I of this series (this Journal, 1959, 86, 121) we have described the synthesis 
of and and y-(3-ethyl-4-methoxypheny])-n- 
propylamine. In this paper the synthesis of their methyl and n-propyl analogues is 
described. The amines will be tested for amoebacidal activity. 


*EXPERIMENTAL 


3-Methyl-4-methoxybenzaldehyde.—Gaseous hydrogen chloride was passed for one 
hour through a mixture of o-cresylmethy] ether (60 g.) benzene (300 c.c.) and zinc 
cyanide (65 g.) contained in a three-necked flask, covled in an ice-bath and under 
stirring. Powdered AICI, (anhyd., 65 g.) was then added portionwise and the passage 
of HCl gas continued for 3 hours. The temperature of the bath was then.raised to 
55° which was maintained for 2 hours. The aldehyde was isolated in a manner 
described in Part II (loc. cit.), b.p. 127°/1 mm, yield 16 g. (21.4%). The same 
aldehyde was prepared by Gattermann (Ber., 1898, 31, 11409). 

The semicarbazone was crystallised from dilute alcohol, m.p. 221° ; Quelet and 
Allard (Bull. soc. chim., 1937, v, 4, 1468) reported m.p, 232°. (Found: C, 71.85; H, 
6.57; N, <o.41. Calc. for C,o0H,,;0.N;3: C, 72.0; H, 6.66; N, 20.29%). 

On oxidation with alkaline permanganate, the above aldehyde afforded the dibasic 
acid, (4-methoxyisophthalic acid). It was crystallised from dilute alcohol, m.p. 261°. 

3-n-Propyl-4-methoxybenzaldehyde: b.p. 145°/1 mm, yield 16%. The 2:4- 
dinitrophenylhydrazone was crystallised from alcohol in red needles, m.p. 188°. The 
semicarbazone was crystallised from dilute alcohol in colorless fine needles, m.p. 140°. 
(Found: N, 17.7. Ci2Hj,O.N; requires N, 17.8%). On oxidation with alkaline 
permangnate the aldehyde gave a dibasic acid which crystallised from dilute alcohol, 
m.p. 261° (4-methoxyisophthalic acid, m.p. 261°). 

3-Methyl-4-methoxy-B-nitrostyrene.—3 Methyl-4-methoxybenzaldehyde (§ g.) and 
nitromethane (2 g.) were dissolved in methanol (10 c.c.) and cooled to5°. ‘To this 
mixture was added NaOH (5 g. in 25 c.c. of methanol), previously cooled to 5°, at 
such a rate that the temperature did not rise above 15°. The addition required 
10 minutes during which the mixture was thoroughly stirred. The mixture was next 
poured with vigorous stirring in HCl (dilute). The yellow mass was filtered and 
crystallised from alcohol, m.p. 75°, yield 3g. (46%). (Found: N, 7.41. C,.H,,0,N 
requires N, 7.25%). 


*Melting and boiling points are uncorrected, 
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3-n-Propyl-4-methoxy-B-nitrostyrene was crystallised from alcohol in yellow needles, 
m.p. 58°, yield 27%. (Found: N, 6.4. CisH,;0,N requires N, 6.3%). 

B-(3-Methyl-4-methoxyphenyl)-ethylamine was obtained by reducing 3-methyl-4- 
methoxy-f-nitrostyrene with LiAlH, in dry ether in a manner described previously 
(loc. cit.). The hydrochloride was crystallised in white needles from ethyl acetate, 
m.p. 240°, yield 42%. (Found: C, 58.98; H, 7-8; N, 6.92. C,oH,,ONCI requires 
C, 59.5; H, 7.9; N, 6.04%). The picrate was crystallised from dilute alcohol in yellow 
needles, m.p. 165°. 

B-(3-n-Propyl-4-methoxyphenyl)-ethylamine hydrochloride was crystallised from 
ethyl acetate in white ueedles, m.p. 155°, yield 50%. (Found: C, 62.5 ; H, 8.8; N, 
6.0. C,2HszcONCI requires C, 62.7 ; H, 8.7 ; N, 6.1%). 

3-Methyl-4-methoxyacetophenone was prepared by the interaction of acetyl chloride 
and o-cresylmethyl ether in CS, in presence of AICI; (anhyd.) in a manner described 
in a previous communication (this Journal, 1957, 34, 768). It distilled at 130°/1 mm, 
yield 30%. The same ketone was prepared by Stadnikov and Barysheva (Ber., 1928, 
61B, 10996). The semicarbazone was crystallised from alcohol, m.p. 216°. (Found: N, 
18.7. Calc. for C,,H,sO.N;: N, 19.0%}. Stadnikov and Barysheva observed m.p. 
206-207°. The oxime was crystallised in white flakes from dilute alcohol, m.p. 97°, 
yield 83%. (Found: C, 67.32 ; H, 7.13; N, 7.68. C,.HisO,N requires C, 67.04 ; H, 
7.26 ; N, 7.82%). 

3-n-Propyl-4-methoxyacetophenone :b.p. 143°/2 mm, yield 44%. The 2: 4-dinitro- 
Phenylhydrazone was crystallised from acetic acid in fine red needles, m.p. 160°. The 
semicarbazone was crystallised from dilute alcohol in white needles, m.p. 188°. (Found : 
N, 16.7. C,;H,.0,N;, requires N, 16.8%). The oxime could not be induced to solidify. 


oxime 
was reduced with sodium and absolute alcohol. The reduced mass was acidified with 
HC! (conc.). Alcohol was removed by distillation under reduced pressure and the 
residual solid was dissolved in water. Any unchanged mass was removed by extraction 
with benzene. The aqueous layet was then basified with NaOH solution and the 
separated amine extracted with benzene. The amine distilled at 115°/r mm, yield 
39%. The picrate was crystallised from diiute aicohol, m.p. 177°. The hydrochloride 
was crystallised from a mixture of ethyl acetate and absolute aicohol, m.p. 175°. 
(Found : C, 59.2 ; H, 7.8; N, 6.6. CyoH,ONCI requires C, 59.5 ; H, 7.9; N, 6.9%). 


a.(3-n-Propyl-4-methoxyphenyl)-ethylamine: b.p. 125-28°/5 mm, yield 33%. ‘The 
bicrate was crystallised from alcohol in yellow needles, m.p. 168°. The hydrochloride 
was crystallised from ethyl acetate, m.p. 170°. (Found: C, 62.5; H, 8.9; N, 6.2. 
C,2H2,ONCI requires C, 62.7 ; H, 8.7 ; N, 6.1%). 

B-(3-Methyl-4-(methoxybenzoyl)-propionic Acid.---o Cresylmethyl ether (30 g.) was 
condensed with succinic anhydride (25 g.) in nitrobenzene (100 c.c.) in presence of 
AICI, (anhyd., 70g.) in a manner described in Part I (this Journal, 1959, 36, 117). It 
was crystallised from dilute alcohol, m.p, 143°, yield, 40 g. (73%). (Found: C, 64.73 ; 
H, 6.25. C,2H,,O, requires C, 64.86 ; H, 6.30%). 


{ 
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8-(3-n-Propyl-4-methoxybenzoyl)-propionic acid was crystallised from dilute alcohol 
in white needles, m.p. 139°, yield 50%. (Found: C, 67.1; H, 7.4. C,,H,,0, requires 
C, 67.2 ; H, 7.2%). 

y-(3-Methyl-4-methoxyphenyl)-n-butyric Acid.—To amalgamated zinc (150 g.), pre- 
pared in the usual manner, were added water (50 c.c.), HCl (conc., rooc.c.), toluene 
(60 c.c.) and £-(3-methyl-4-methoxybenzoyl)-propionic acid (35 g.). The mixture was 
refluxed for 30 hours, 25 c.c. of HCI (conc.) being added at the end of every sixth 
hour. Toluene layer was separated and the aqueous layer extracted twice with toluene. 
The combined toluene solution was shaken thoroughly with NaOH solution and the 
toluene steam-distilled. The residual liquid was refluxed with dimethyl sulphate (10 c.c.) 
and activated charcoal, and filtered. The filtrate on acidification afforded a viscous oil 
which was extracted with benzene. The liquid after removal of benzene distilled at 
173°/1 mm, yield 20 g. (61%). It solidified to a waxy solid, m.p. 46°. (Found: C, 
69.08; H, 7.82. C,:H,.O; requires C, 69.23 ; H, 7.69%). 

y-(3-n-Propyl-4-methoxyphenyl)-n-butyric acid: b.p. 195°/1 mm, yield 60%. 
(Found : C, 70.76 ; H, 8.6. C,,H2.O;3 requires C, 71.1 ; H, 8.4%). 

y-(3-Methyl-4-methoxyphenyl-n-butyramide.—Dry ammonia gas was passed through 
molten y-(3-methyl-4-methoxypheny]l)-n-butyric acid (10 g.) for 2 hours at 200°. The 
mass, while still hot, was poured into water. The separated solid was crystallised from 
dilute alcohol in white shining needles, m.p. 100°, yield 8.5 g. (85%). (Found: C, 
69.32; H, 8.48; N, 6.68. C,2H,,0.N requires C, 69.56; H, 8.21 ; N, 6.76%). 

y-(3-n-Propyl-4-methoxyphenyl)-n-butyramide was crystallised from alcohol as white 
shining flakes, mn.p. 88°, yield 85%. (Found: N, 5.6. Cy4H.,0,N requires N, 5.9%). 

y-(3-Methyl-4-methoxyphenyl)-n-propylamine was prepared from the corresponding 
amide by treatment with sodium hypochlorite solution according to the procedure 
adopted in a previous paper (this Journal, 1957, 34, 611). The amine distilled at 
125°/1 mm, yield 29%. The picrate was crystallised from dilute alcohol, m.p. 118°. 
The hydrochloride was crystallised from a mixture of absolute alcohol and ethyl 


acetate, m.p. 195°. (Found: C, 61.0; H, 8.5; N, 6.50. Ci:HisONCI requires C, 61.2; 


H, 8.3; N, 6.49%). 
y-(3-n-Propyl-4-methoxyphenyl)-n-propylamine: b.p. 160°/1 mm, yield 36%. ‘The 
hydrochloride was crystallised from ethyl acetate, m.p. 110°. (Found: C, 63.8; H, 
9.2; N, 5-7. CisH2,0NCI requires C, 64.0; H, 9.0; N, 5.7%). 
The authors feel grateful to Dr. Mata Prasad, Vice-Chancellor, Vikram University, 
for providing research facilities and to Dr. B. Pathak, Department of Applied Chemistry, 
Calcutta University, for his continued interest during these investigations. 
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HYDROXY- AND ALKOXY-ALKYLBIGUANIDE METAL COMPLEXES, 
PART II. NICKEL AND PALLADIUM COMPLEXES 


By Nrmar RANJAN SENGUPTA AND PRIVADARANJAN RAy 


The nickel and palladium complexes of some hydroxy- and alkoxy-alkylbiguanides, which 
comprise ethanol-, propanol-, isopropanol-, methoxyethyl- and methoxypropyl- biguanides, are described 
in the present paper. 


In Part I of this series (this Journal, 1950, 36, 373), the preparation and pro- 
perties of copper complexes with hydroxy- and alkoxy-alkylbiguanides have been 
described. The present work gives an account of the nickel and palladium com- 
plexes of these ligands, which comprise ethanol-, propanol-, isopropanol-, m2thoxy- 
ethyl- and methoxypropyl- biguanides. The complex bases as well as their sulphate, 
chloride, nitrate, etc., for both the metals have be2n prepared and their properties 
studied. As in the cise of copper (Part I, loc. cit.), the complex nickel and 
palladium salts are much more soluble than those of the simple and alkyl- 
substituted biguanides. Unlike copper, nickel and palladiuin complexes have not 
been found to provide any mono-biguanide or diol-binuclear complexes. Nickel 
complexes are less stable than those of the corresponding copper complexes and 
hydrolyse rapidly in dilute solution on warming with the precipitation of nickel 
hydroxide. Palladium complexes are less soluble than those of the corresponding 
nickel complexes. Both nickel and palladium complexes are decomposed on warming 
with concentrated acids. 


The diamagnetic character of the orange-yellow or bright yellow nickel complexes, 
as well as of the yellowish white palladium complexes, indicates that these are of inuer- 
level or penetration type with square planar dsp* hybrid bonds. 


EXPERIMENTAL 
Nickel bis-Ethanolbiguanide Complexes 


Nickel bis-Ethanolbiguanide Sulphate.—A solution of ethanolbiguanide sulphate 
(9.5g. in soc.c. of water; cf. Part I, loc. cit.) was mixed with that of nickel 
sulphate (6.2 g. of NiSO,, 7 H.O iv 30c.c. of water). The mixture was treated with 
dilute ammonia, added dropwise with constant stirring till the solution reacted slightly 
alkaline to litmus. ‘The complex sulphate separated at once as an orange-yellow 
crystalline precipitate. The crystals were filtered, washed once or twice with 
1% ammonia, followed by distilled water, and finally with absolute alcohol. The product 
was dried in air toa constant weight. X,=-—0.2040 x 107°. {Found: Ni. 10.64; N, 
25.77; 17-66; H,O (by loss at rro°), 18.06. SO,, 
5.5H,0 requires Ni, 10.79; N, 25-76; SO,, 17.65; 18.20% }. 


* Present address : 50/1, Hindusthan Park, Calcutta 29. 
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The complex base was prepared by triturating together in a mortar the complex 
sulphate (5.44 g.) and Ba (OH),,8H,O (3.2 g.) in 40 to 45 c.c. of CO,-free water. 
The filtrate from barium sulphate was concentrated in vacuum over KOH and CaCl., 
and then treated with absolute alcohol, when the complex base was obtained as a 
yellow precipitate. This was filtered, washed with absolute alcohol and afterwards 
dried over KOH and CaCl,; m.p. 120°. {Found: Ni, 14.95; N, 36.81; H,O (by 
loss at 110°), 2.56. 0.5H.O requires Ni, 1408; N, 
35-74; 2.20% }. 

The complex chloride was prepared by double decomposition from the complex 
sulphate (5.44 g.) and barium chloride (BaCl.. 2H,O, 2.45 g.) in 50 to 60 c.c, of water. 
The filtrate from barium sulphate was concentrated in vacuum over H,SO, (conc.). 
The orange-yellow crystals of the complex chloride were precipitated by the addition 
of absolute alcohol, filtered, washed with alcohol and dried over CaCl,. {Found: Ni, 
13.83; N, 33-70; Cl, 17.09. [Ni(OH.C,H,.C.N;H,)2]Cl, requires Ni, 13.98; N, 
33-36; Cl, 16.92%}. 

In addition, the complex nickel salts, listed in Table I, were also prepared by adding 
the solution of the corresponding alkali salt to that of the complex chlorides. These were 
washed first with cold water, then with absolute alcohol and finally dried in air. 


TABLE I 
[X OH.C,H,.C.N;H,] 


Compound. Found. Calc. Compound. Found. Calc. 
1. Bromide Ni: 11.76% 11.57% 5. Thiosulphate Ni : 11.50% 11 60% 
[Ni Bre Br: 31.14 31.44 LNi S03. 2.5HgO S_03: 22.43 22.14 


H,0: 9.04 8.89 


Todide Ni: 9.75 9-74 6. Dithionate Ni : 10.72 10.76 
[Ni Xq] I; I: 42.68 42.13 [Ni S,0¢.2H,O : 29.05 29.35 
H,O: 6.44 


Nitrate Ni : 11.20 11.14 7. Chromate Ni : 11.27 11.32 


[Ni Xo] (NOg)g.- : 31.03 31.89 [Ni Xg] CrO4.3H,O 22.39 22.37 

3H,0 H,0 : 10.09 10.25 H,0 : 10.52 10.41 
4. Carbonate Ni : 12.51 12.77 

{Ni X_]CO3.- N : 30.27 30.57 

3H2,0 H,O : 11.47 11.67 


Properties.—All the salts of the complex nickel bis-ethanolbiguanide are orange- 
yellow in colour, excepting the complex chromate and the base, which are bright 
yellow. With the exception of the complex chloride and the base, all the other complex 
salts are more or less sparingly soluble in water and insoluble in alcohol. The 
complex chloride and the base, however, are extremely solub!e in water. In 
aqueous suspension or solution the complex nickel salts, when warmed for a long time 
on the water-bath, hydrolyse with the precipitation of nickel hydroxide. The aqueous 
solution of the complex base reacts alkaline to litmus and liberates ammonia from 


ammonium salts. 


‘ 

4 
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Nickel bis-isoPropanolbiguanide Complexes 


Nickel bis-isoPropanolbiguanide Sulphate.—A solution of nickel sulphate (5 g. 
of NiSO,, 7H,O in 20 c.c. of water) was added to that of isopropanolbiguanide sulphate 
(Part I, loc. cit.! containing 5 c.c. of dilute ammonia, when a yellow precipitate of the 
nickel bis-isopropanolbiguanide sulphate separated slowly from the solution. This 
was filtered, washed first with water, then with absolute alcohol, and finally dried in air. 
Xe = —0.3430X10°°. {Found: Ni, 10.86; N, 26.34; SO,, 18.27; H.O (by loss at 
110°), 9.86. [Ni (OH C,H,.C,N;H,)2]SO,.3H,0 requires Ni, 11.14; N, 26.58; 
SO,, 18.12; H,O, 10.25% }. 

The complex base was prepared by digesting the complex sulphate with baryta 
solution in calculated quantities. The filtrate from barium sulphate was evaporated 
to dryness in vacuum over KOH and CaCl,. The product was then taken up with 
alcohol and the yeilow complex base was precipitated by the addition of acetone. 
The product was washed with acetone and dried over KOH and CaCl,. {Found : 
Ni, 13. 32; N, 32.18; H,O (by loss at rro°), 6.34. [Ni (OH.C,H,.C,N;H,).](OH)>. 
1.5H,O requires Ni, 13.29 ; N, 31.90; H,O, 6.17% }. 


The chloride of the complex base was prepared by triturating the complex sulphate 
with barium chloride solution in calculated quantities. The filtrate was evaporated to 
dryness in vacuum over H»2SO, (conc.). The product was taken up with alcohol and 
the complex chloride was precipitated by acetone. This was filtered, washed with 
acetone and dried over CaCl, {Found: Ni, 11.31; N, 26.68; Cl, 13.68; H,O (by 
loss at r1o°), 15.11. Cl,.4.5H,0 requires Ni, 11.10; N, 
26.48 ; Cl, 13.43; H.O, 15.32% }- 

The other salts, recorded in Table II, were prepared by adding the solution of the 
corresponding alkali salt to that of the complex chloride. These were washed and dried 
as usual, 


Tasie II 
[X = OH.C,H..C,N;He] 


Com-ound. 


. lodide i : 8.95% 90 
[Ni Xq] 4 


- Nitrate Ni : 1088 10.97 
[Ni X_] (NO3)9.2H,O 


Thiosulphate Ni: 10.48 10.64 
[Ni X2' S,O3. 3.5H,O S203 : 20.56 20.40 


4. Dithionate Ni: 10.15 994 
[Ni 


. Chromate i : 1097 10.74 
[Ni CrO,.3H,O 


6—19;6P—7 


Found. Cale. 
H,O: 2.77 2.77 
H,0: 6.71 6.75 
H,0 : 11.21 II.41 
H,O : 9.37 9.37 
H,O: 9.73 9.91 
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Properties.—With the exception of the complex chloride and base, which are 
extremely soluble in water and alcohol, all the other compounds are moderately soluble 
in water, but insoluble in alcohol and acetone. Except the iodide, which is orange- 
yellow in colour, the other salts are are all yellow. 


Nickel bis-Propanolbiguanide Complexes 


Nickel bis-propanolbiguanide sulphate was obtained as a yellow precipitate by 
mixing a solution of propanolbiguanide sulphate (Part I, loc. cil.) (6 g., dissolved in 
20 cc. of water containing 10-1§ c.c. of dilute ammonia) and nickel sulphate (NiSO,, 
7H.0 ; 2.7 g. in 10-15 c.c. of water) in the cold. ‘The product was filtered, washed 
first thoroughly with water, then with alcohol, and finally dried in air, Xg= —0.4547 
x 10°*. {Found : Ni, 10.77; N, 26.55; SO,, 17.85; H.0 (by loss at r1o°), 11.91. 
3.5H,O requires Ni, 10.99; N, 26.12; SO,, 17.01; 
H,0, 11.75% }. 

The complex base was prepared by digesting the complex sulphate (1 g.) with 10% 
solution of caustic alkali on the water-bath for about an hour. The sparingly soluble 
product was filtered, washed first with water, then with alcohol, and finally dried 
over KOH and CaCl,. {LFound: Ni, 15.23; N, 36.04; H.O (by loss at 110°), 
255. [Ni(OH.C,H,.C.N;H;).], 0.5H2O requires Ni, 15.29; N, 36.48; H,O 2.34% }. 

The complex chluride was prepared by double decomposition of the complex sulphate 
and barium chloride as described in the previous cases. {Found: Ni, 12.66; N, 
30.33; Cl, 15.83; H,O (by loss at 110°), 1.89. 0.5H,0 
requires Ni, 12.85; N, 30.65; Cl, 15.55; H2O, 1.907% }. 

Other complex nickel salts were prepared by adding an aqueous solution of the 
corresponding alkali salt to that of the complex chloride (Table III). 


III 
[X= OH.C;H,.C.N;H.] 

Compound. Found. Calc. 

1. lodide Ni : 894% 9.04% 
(NiX,]I,H,O  - I: 39.33 39-15 
H,O: 2.62 2.77 
2. ‘Nitrate Ni : 114! II 32 
[Ni H,O 31.93 32.39 
H,O: 3.26 3°47 
3. Thiosulphate Ni : 10.74 10 66 
[Ni Xq]} S,03. 3.5H,O S203 :20.€4 20.30 
H,O: 11.41 II-41 
4. Dithionate Ni : 10.44 10.40 
[Ni X9] SO¢.H,0 S_Og : 27.65 28.32 
H,0O: 3.41 3.18 
5. Chromate 10,30 10.40 
[Ni-Xq] CrO,4.4H,O : 20.84 20.54 
H,0 : 12.99 12.74 
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Properlies.—The complex base and its salts form yellow crystals. With 
the exception of the complex chloride, which is extremely soluble in water and alcohol 
but insoluble in acetone, all other compounds are very sparingly soluble in water. 
The moist base reacts alkaline to litmus, liberates ammonia from ammonium salts, 
and absorbs CO, from air. 

Nickel bis-Methoxyethylbiguanide Complexes 

Nickel bis-Methoxyelhylbiguanide Sulphate.—A solution of methoxyethylbigu- 
anide sulphate (10g. in 20¢.c. of water) was mixed with that of nickel sulphate 
(2.7g- in 10¢.c, of water’, and the mixture was neutralised with dilute ammonia 
(alkaline to litmus), when the orange-yellow complex nickel sulphete separated from 
the solution. The product was filtered, washed first with water, then with absolute 
alcohol, and frnally dried in air. X, = — 0.4186 x 10°*. {Found: Ni, 11.89; 
N, 28.79; SO,, 19.54; (by loss at 110°), 3.70. [Ni 
SO,.H,0 requires Ni, 11.96 ; N, 28.53 ; SO,, 19-56; HO, 3.67% }. 

The complex base was obtained as a yellow crystalline product by digesting the 
complex sulphate with 10% caustic alkali solution on the water-bath for about half an 
hour.The sparingly soluble product was filtered, washed and dried as described in the 
previous cases. The substance reacts alkaline tolitmus. {Found : Ni, 15.10 ; N, 36.71; 
H,O (by lossat 110°), 2.02. [Ni(CH,;0.C,H,.C,N;H;)2], 0.5H,O requires Ni, 15.30 ; 
N, 36 49 ; H20, 2.34% }. 

The complex chloride was obtained by digesting the complex sulphate with a calculat- 
ed amount of barium chloride solution as described previously. {Found: Ni, 12.60; 
Cl, 15.19; H,O (by loss at 110°), 3.54. [Ni(CH;O.C.H,.C,N;H,,] Cl,.H,O requires 
Ni, 12.60; Cl, 15.24; 3.87%}. 

The complex nitrate was prepared from the complex chloride and sodium nitrate in 
solution. {Fcound: Ni, 11.25; H,O (by loss at 100°), 3.28. [Ni(CH,O.C.H,, 
C,N;H,).] (NO )2.H,O requires Ni, 11.32; H,O, 3.4% }¥. 


Nickel bis-Methoxypropylbiguanide Complexes 


Nickel bis-Methoxypropylbiguanide Sulphate.—-A solution of methoxypropylbigu- 
anide sulphate (12 g. in 20 c.c. of water) was mixed with that of nickel sulphate (2.7 g. 
of NiSO,, 7H,O in 10 c.c. of water) and the mixture was neutralised with dilute ammo- 
nia, when the orange-yellow complex nickel sulphate separated out. The product 
was filtered, washed and dried as before. X, = — 04075 x 10°°. {Found: Ni, 
11.61; 1866; H,O (by loss at 110°), 1.53. 
0.5H,0 requires Ni, 11.52 ; SO,, 18.84 ; HO, 1.76% }. 

The complex base was obtained by digesting the"complex sulphate with 10% caustic 
alkali solution as described in previous preparations. {Found: Ni, 13.99; N, 33.08. 
Ni(CH;0.C;H,.C,N;H;'.], 0.5 HO requires Ni, 14.26 ; N, 34.03% }. 

The complex chloride was prepared from the complex sulphate and barium chloride 
solution in calculated quantities. Found: Ni, 12.24; Cl, 15.38. [Ni(CH,O.C;H,.- 
C.N;H,).]C!, requires Ni, 12.34 ; Cl, 14.93% }- 
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The complex nitrate was obtained as a yellow precipitate by adding an alkali nitrate 
solution to that of the complex chloride. {Found : Ni, 10.69 ; H,O (loss at 110°), 3.05, 
requires Ni, 10.74 ; 3-20% }. 


Palladium bis Ethanolbiguanide Complexes 


Palladium Ethanolbiguanide Sulphate.—-A solution of palladium chicride (PdCl., 
2H,0 ; 1.05 g. in 20 c.c,. of water containing 1 c.c. of conc. HCl) was mixed with that 
of ethanolbiguanide sulphate (2 g.) in 10% NaOH solutiov. The mixture was filtered 
and the filtrate was cooled in ice thoroughly. lt was then neutralised with 6N-H,SO, 
facicic to litmus), when the complex sulphate separated out. This was washed and 
dricd as usual. x, = — 0.3565 x 10°°. {Found: Pd, 20.06; N, 27.32; SO,, 18.11; 
H.O (by loss at 110°), 6.61. [Pd(OH.C.H,.C.N;H,),] SO..2H.O requires Pd, 2018; 
N, 26.48 ; SO4, 18.12; HO, 6.81% }. 

The complex base was prepared by triturating the compiex sulphate (1.33 2.) 
with baryta [0.79 g. of Ba(OH),, SH.O] in 20 c.c. of CO,-free water. The complex 
base was precipitated from the concentrated filtrate by the addition of atsolute alcohol. 
The “product was filtered, washed with aqueous alcohol, and finally dried - over 
KOH and CaCl,. {Found : Pd, 23-19; N, 31.16; HO (by loss at 110°), 13.56. 
(OH)2, 1.5H,O requires Pd, 23.31, N, 30.50; H2O 13.76% }. 


The chloride of the complex base was prepared by double decomposition from the 
complex sulphate (1.33 g.) and burium chloride (BaCl,, 2H,O; 0.61 g.) in 20c.c. 
of water. ‘The filtrate, free from barium sulphate, was concentrated in vacuum 
over H,SO,. ‘The concentrated solution was then treated with absolute alcohol, when 
of the complex chloiide separated out. These were filtered, washed 


the crystals 
first with ice-cold aqueous alcohol (1 : 4 by volume), then with absolute alcohol, and 


finally dried in air. {Found: Pd, 22.46; N, 20.55; Cl, 14.909; H.O (by loss at 
110°), 1.80. [Pd(OH.C.H4.C.N;H,):]Clz, 0.5H,O requires Pd, 22.39; N, 20.37; 
Cl, 14.86 ; H,O, 1.89% }. 

The complex nitrale was piepared by precipitation in the cold from the complex 
chloride and potassium nitrate so'ution. {Found: Pd, 20.20; N, 32.06, H,O 
(by loss at 110°), 7.63. [Pd(OH.C,H,.C.N;H,'2](NO;),, 0.5 H,O requires Pd, 20.15 ; 
N, 31-72; H,0O, 1.69% }. 

Properties.—Ail the palladium salts are yellowish white in colour. The complex 
chloride and the base are extremely soluble in water, but insoluble in alcohol. 
The complex sulphate and nitrate, however, are extremely insoluble in water and 
alcohol. ‘The moist base reacts strongly alkaline to litmus, liberates ammonia from 
ammonium salts and absorbs CO, from air. - All these compounds are decomposed by 
HC! (dil.). 

Palladium isopropanolbiguanide complexes could not be isolated in a pure state 
in view of the fact that the isopropinolbiguanide is unstable even in very weak acid 


solutions. 
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Palladium bis-Propanolbiguanide Complexes 


Palladium bis-Propanolbiguanide Sulphate —A solution of palladium chloride 
(0.2 g. of PdCl,, 2H.O in 20 c.c. of water, containing 1c¢.c. of conc. HCl) was added to 
that of propanolbiguanide sulphate (1 g. in 10 c.c. of water). The mixed solution 
was then treated with dilute ammonia till just alkaline to litmus. A yel'owish 
white complex palladium sulphate separated from the solution on cooling. This 
was filtered, washed first with water, then with absolute alcohol and finally 
dried in air. The substence is difficul'ly so'uble in water. x~ = —0.3804 x 107°. 
{Found: Pd, 18.48 ; N, 24.45; 16 74; H,O (by loss at 110°), 11.15. [Pd(OH.- 
C;H,.C.N;H,)2]SO,.3H,0 requires Pd, 1857; N, 24.36; SO, 16.70; H,O, 
10.96% }. 

The complex base was prepared by digesting the palladium bis-propanolbiguanide 
_ sulphate fo.5 g-) in soc.c. of 5% caustic alkali solution on the water-bath for about 
half an hour. The solution after filtration was ailowed to cool when the yellowish 
white complex base slowly separated out. The product was washed thoroughly first 
with water, then with absolute alcohol, and finally dried over KOH and CaCl. 
The substance is sparingly soluble in water and reacts alkaline to litmus. {Found : 
Pd, 24.70; N, 31.85; H,0O (by loss at rro°), 2.14. [Pd(OH C,H,.C,N;H;),], 0.5H,0 
requires Pd, 24.71 ; N, 32.43; H2O, 2.08% }. 

The chloride of the complex base was obtained by digesting the complex sulphate 
with the calculated quantity of barium chloride solution in the cold. The filtrate after 
“concentration in vacuum, was treated with acetone, when the yellowish white complex 
chloride was precipitated. This was filtered, washed with acetone and dried over CaCl,. 

{ Found: Pd, 20.65; N, 27.31; Cl, 13.05; H,O ‘by loss at rro°), 3.70 [Pd(OH.- 
C;H,.C.N;H,)2] Clz.H.O requires Pd, 20.77; N, 27-26; Cl, 13.82; HO, 3.51% }. 


Palladium bis-Methoxyethylbiguanide Sulphate.—This was prepared by mixing 
a solution of palladium chloride (0.2 g ) with that of methoxyethylbiguanide sulphate 
(5 g.), followed by neutralisation with dilute ammonia. A yellowish white product 
separated from the solution. This was washed first with water, then with absolute 
alcohol, and finally dried in air. Xs=—o6.4:42x 107°. {Found: Pd, 19 62; N, 25.70; 
SO,, 17.78 ; H,O (by loss at 110°), 3.18. [Pd(CH,O.C,H,.C,N;H,)2]SO,.H20 requires 
Pd, 19.81 ; N, 25.98 ; SO,, 17.82 ; H,O, 3.34% }. 

Palladium bis-Meihoxypropylbiguanide Sulphate.— This was prepared from 
palladium chloride (0.2 g.) and methoxypropylbiguanide sulphate (6 g.), following 
the procedure as described above. X,=—0.4184x10°°. {Found: Pd, 18.59; N, 
23-73; SO,, 16.27; H,0 (by loss at 110”), 616. 
requires Pd, 18.25; N, 23.904; SO,, 16.42; H,O, 6 11%}. 
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SEARCH FOR NEW ANTIBACTERIAL CUMPOUNDS. PART I 
By S. S. Tiwart AND AKHILESHWAR SINGH 


Fries rearrangement has been carried out in the case of eight esters of cyclohexauebutyric acid. 
These on the Clemmensen reduction have been converted into the corresponding alkylphenols which 


‘are likely to be active antibacterial compounds. 


Practically every phenolic compound possesses antibacterial properties (Jenkins and 


‘Hartung, ‘“‘Chemistry of Organic Medicinal Products’, 2nd ed , 1947, p. 105). As a rule 


the introduction of groups or substituents such as alkyl, alkoxyl, alkylthio] and halogen, 
into the phenolic molecule increases the bactericidal activity ; the larger the alkyl group, _ 
the greater is the antiseptic activity (Jenkins and Hartung, loc.cit.). Further, it is suppor- 
ted by the observation of Baichwal et al. (J. Sci. Ind. Res., 1951, 10A, 498) that the 
introduction of an alkyl or a halogen substituent in the phenolic nucleus increases its 
activity, the increase being proportional to the length of the alkyl chain up to a 
certain limit, beyond which activity falls. ‘The maximum activity is reached at different 
levels for different micro-organisms. But when halogen and alkyl groups are both 
present in phenol, the consideration of the relative positions becomes important. Klar- 
mann etal. (J. Lab. Clin. Med., 1934, 19, 20, 40) showed that p-alkyl derivatives of 
o chlorophenol were efficient germicides. As regards the nature of the alkyl chain in 
the case of xylenols, the activity against Staph. aureus increases more rapidly with 
branched-chain compounds, and in the case of dihydroxy derivatives, branched-chain 
compounds have been reported to possess unusually high activity (Baichwal et al., loc.cit.). 
Keeping these facts in view, we have prepared various substituted cyclohexanebutyryl- 
phenols, which may possess much enhanced microbial potency. 

cycloHexanebutyric acid esters of phenol, o- and p-ch!orophenols, p-bromophenol, 
o-, m- and p-cresols, and m-etlylphenol have been piepared by the action of acid 
chloride on the phenols. Following the usual method (Tiwari and Singh, this Journal, 
1958, 35, 749, 881) these esters were converted into the corresponding hydroxyketones 
by the Fries rearrangement, and the latter on tke Clemmensen reduction furnished 


various substituted cyclohexanebutyrylphenols. 
EXPERIMENTAL 


Phenyl Ester of cycloHexanebutyric Acid.—Phenol (5 g.) was dissolved in anhy- 
drous benzene (25 c.c.) and well-cleaned and dried magnesium ribbon (10 g.) was put 
in it, followed by cyclohexanebutyryl chloride (12.0 g.), aud the mixture was heated 
on a water-bath for 4 hours. The benzene was distilled off, and the ester taken up in 
ether, washed with 1% NaOH solution and finally with water. After dehydration over 
anhydrous calcium chloride, the ether was distilled off and the ester was distilled under 
reduced pressure, b. p. 175°/3 mm, yield 10.5g. (Found: C, 78.05; H, 8.93. 
C,6H220, requires C, 78.17; H, 8.95%). 
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The following esters of cyclohexanebutyric acid were prepared as above. Their 
analytical results are recorded in Table I. 


TABLE I 
Esters of ¢yclohexane- Acid chloride Phenols taken Yield. B.P.cr Formula. Found. Calc. 
butyric acid. taken. (5 2g.) M.P. 

0-Chloropheny1 Io ¢. o-Chloro- 10.0 g. 210°/8mm_ CigH,0,Cl. C:68.38 68.43 
H: 7.46 748 

p- p-Chloro- 10.4 195°/1 C :68.36 
H: 7.43 

p-Bromophenyl p-Bromo- 9.0 64° C 258 76 59.07 © 

H: 6.41 6.46 
o-Cresyl Og. 0-Cresol 10.0 170°/3 C: 78.30 78.48 
H: 9.18 923 
m- ,, m-Cresol 17.0 185-86°/2 C : 78.30 

H: 9.11 

» p-Cresol 11.8 206°/10 C :78.41 
H: 9.15 
m-Ethylpheny! 10 g. m-Ethyl- 10.0 210°/4 C: 78.61 78 83 
. H: 9.48 9.48 


Fries Rearrangement of the Esters.—Finely powdered AiCl,; (anhyd., 1.5 M} was 
added to the ester (t.0M) and the mixture gradually heated to 110°. ‘The o-hydroxy- 
ketone was iso lated as usual (Tiwari and Singh, loc. cit.). The hydroxyketones, 
so obtained, were characterised by their 2:4-dinitrophenylhydrazones which were 
recrystallised from absolute alcohol (‘Table 11). 


Ortho and para isomers of the ketones obtained from the rearrangement of esters 


of o- and m-cresols, m-ethylphenol, o-chlorophenol and phenol were separated by steam 
distillation. 


TABLE II 
Ketones. 
Ester of cyclo- 2 :4-Dinitrophenylhydrazones. 
hexanebulyric Ketone Yield. BP./M.P. %Catbon %Hydrogen. MP. Formula. % Nitrogen 
acid with: formed. Found. Calc. Found. Calc. Found. Calc. 
Phenol p-Hydroxy 60% 137° 78.03 78.17 8.96 8.66 1:05 CopHogO;Ny 13.14 13.15 
o-Chlorophenol 50 230°/5mm. 68.30 68.43 7.44 7.48 135° 12.16 12.16 
p-Chlorophenol 52 195°/1 68.34 6843 7.46 7.48 
p-Bromophenol o- _,, 59 160°/1 59.00 59.07 6.43 646 
o-Cresol 45 145° 78.33 78.45 9.15 9.23 201° 13.68 13.73 
m Cresol P- 55 196-97°/2 7823 78.45 922 9.23 160° 13.70 13.73 
p-Cresol 64  193°/3 78.41 78.45 9.16 9.23 = 13.68 13.73 
m-Ethylphenol p- 50 220°/7 78.83 7883 948 9.48 155° CogHggQsNg 12.31 12.34 


Clemmensen Reduction of the Ketones.—A mixture of zinc wool (20 g.), mercuric 
chloride (2 g.), HCI (conc., 20 c.c.) and water (10 ¢.c.) was stirred vigorously for 10 
minutes. ‘The supernatant liquid was then decanted off and the amalgamated zinc was 
liberally washed with water. It was covered with ethanol (30 c.c.) and Lydroxyketone 
(5 g.), and HC! (conc., 10 c.c.) was added to it. The mixture was refluxed on a water- 
bath for 7 hours, during which 2 c.c. portions of HCI (conc.) were added after each hour. 
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Ethanol was then distilled off and the liquid was siturated with sodium chloride and 
extracted with ether. The ethereal extract was dried over anhydrous sodium sulphate 
and the ether removed by distillation. The product was then distilled under reduced 
pressure, The various alkylphenols so obtained are summarised in Table III. 


III 
(R = -cyclohexanebutyrophengne ; C- = cyclohexanebutyryl-) 


pb-Hydroxyketones. AlkylIphenols. B.P. Vield. Forinula. % Carbon. % Hydrogen. 
3 P Found. Cale. Found. Calc 
pb-Hydroxypheny1-R 4 C-phenol 178°/1£ mm 59% $2.53 82.55 10.20 10.32 
3-Chloro-4-hydroxy- 2-Chloro-4- 185°/4 65 72.09 72.05 8.59 863 
phenyl-R C-phenol 
3-Chloro 2-hydroxy- 4-Chloro 2- 115 /3 50 CigH,OCl 72.°0 72.05 854 8.63 
phenyl-R C-phenol 
3 Brom) 2-hydroxy- 4-Bromo 2- 13>°/; 51 6185 61.93 7-40 7.42 
phenyl-R C-phencl 
3-Methyl-4-hydr>xy- 2-Methv!-4- 119°/4 54 83.0) 8305 10.56 10.58 
phen 1-R C-phenol 
2-Methyl-4-hydroxy- 3-MethyI-4- 193° /3 50 Ci7H 82.90 83.05 10.45 1..<8 
phenyl-R C-phenol 
3-Methyl-2-hydroxy- 4-Methyl-2- 219°/2 75 Cy7Hy,O 82.83 83 95 10.49 10.58 
pheny1-R C-phenol 
2-Ethyl-4-hydroxy- 3-Ethyl-4-C- 89-00°/4 C)gH2;0 82.95 83.10 10.67. 19.76 
phenyl-R phew 1 
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GUANYLALKYLUREAS AND THEIR METALLIC COMPLEXES. 
PART I. SYNTHESIS OF GUANYLALKYLUREAS 


By R. L. Dutra AND PRIYADARANJAN RAy* 


A simple method of synthesising guanylalkylureas (with the CO-group adjacent to the alkyl 
substituent) has been described. Dicyandiamide and alcohol react in presence of copper acetate 
to form the complex copper guanylaikylurea acetate. The alcohol is believed to be attached to the 
nitrile group of dicyandiamide, which is then rearranged to the guanylalkylurea. The sulphate and 
the hydrochloride of guanyl-methyl-, -ethyl-, -n-butyl-, -isobutyl-, -isoamyl-, and -n-hexylurea bases 
have been described. All these guanylalkylureas show their characteristic reactions, namely the 
rose-coloured precipitate with copper salts and yellow-coloured precipitate with nickel salts in 
alkaline medium. 

It is well known that guanylurea or dicyandiamidine is closely related to biuret 
and biguanide both from the chemical and structural points of view; for guanylurea 
and biguanide may be regarded as derived from biuret by the substitution of one 
and both the oxygen atoms of the carbonyl groups of the latter by the corresponding 
number of imino (= NH) groups respectively : 


H.N-C-NH-C-NH, H,N-C-NH-C-NH,; 
il 
O O NH O 


Biuret. Guanylurea. 


—_ 
H | 
NH NH 
Biguanide. 


Of these three rather closely related bodies, biuret forms anionic complexes with 
metals fe.g. the well-known biuret reaction involves the formation of the violet 
anionic copper complex). Guanylure. and biguanide, on the other hand, from well- 
defined cationic complexes with transitional metals. Complex compounds of 
biguanide and substituted biguanides have been extensively studied by Ray and his 
co-workers (this Journal, 1937, 14, 670; 19309, 16, 621, 617; 1941, 18, 217 ; 1943, 20, 
291 ; 1944, 24, 47). 

Although guanylureas are so closely related to biguanides, the chemistry of these 
interesting ligands and of their metallic complexes has not been sufficiently studied. 
Only the simple guanylurea and phenylguanylurea have been studied as complexing 
ligands (Jona, Gazzetta, 1907 37, 561 ; Grossman et al., Ber., 1906, 39, 3356 ; Ray and 
Bandopadhaya, this Journal, 1952, 29, 865). ‘These two guanylureas have been found 
to be rather weaker chelating ligands than biguanides. 


* Present address : 50/1, Hindusthan Park, Cal.-29. 
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Kundu and Ray (ibid., 1952, 29, 811) have made a very interesting observation 
that guanyl-N*-phenylurea ‘I), which contains the phenyl group adjacent to the 
carbonyl group in the molecule, shows no complex-forming capacity, characteristic 
of guanylureas, whereas the N'-phenylguanylurea (II), with the phenyl group away 
from the carbonyl! shows its usual complex-forming character. 


4 3 1 4 3 
NH,-C-NH-C-NH-C,H, 
T 
O NH O NH 
2 2 
(1) 


A simple and an easy method of synthesising guanylalkylureas, which contain 
the CO-group adjacent to the alky! substituent, has been developed in this laboratory. 
It has made easier a study of the capacity of these ligands to form metallic complexes, 
particularly in view of Kundu and Ray’s observation (loc. cit.). 

In an attempt to prepare the biguanide derivative of methyl anthranilate, 
dicyandiamide was refluxed with methyl anthranilate and copper acetate in ethanol 
medium. Since methyl anthranilate was not miscible with water, ethanol had to be 
used as the solvent. After some time the solution turned deep violet, suggesting 
apparently the formation of the complex copper derivative of the corresponding 
biguanide. The sulphate of the coloured complex was precipitated by the addition of 
ammonium sulphate to the solution. ‘The analytical results of the sulphate salt were 
nowhere near the values corresponding to the biguanide complex. The complex chloride 
and the anhydrobase were also prepared, but the results of analysis differed widely from 
the expected values. A complete analysis (Cu, N, C and H) of the complex copper base, 
however, afforded values in agreement with those calculated for the complex base of 
copper guanylethylurea. Methyl anthranilate, then, was not a partner in the reactions 
that occurred. The experiment was therefore repeated with dicyandiamide and copper 
acetate in ethanol, leaving out methyl anthranilate. The mixture turned violet as 
before and from the violet solution the complex copper guanylethylurea, both as base 
and sulphate, were prepared and analysed. The results of analysis agreed closely 
with the calculated values. ‘The course of the reaction may be represented as: 


NH,-C-NHCN+C,.H;OH = NH,-C-NH-C-NHC,H; 


NH NH O 
H,N-C-NH-C-NH.C,H, 
N 
2 NH,-C-NH-C-NH.C,H;+Cu(Ac), (Ac). 
i 
NH O N 
f 
[Ac = CH;.COO™ ] C.H;HN -C—-NH-C-NH; 
li 
O 
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This is perfectly analogous to the formation of guanylurea by the acid hydrolysis 
(hydration) of dicyandiamide or alkyldicyandiamide. 


The above reaction, however, did not take place in the absence of copper acetate. 
Just as, in the presence of H* ion, a molecule of water combines with that of 
dicyandiamide to form a molecule of guanylurea, similarly a molecule of ethanol adds 
itself to that of dicyandiamide followed by a rearrangement to the alkyl-substituted 
guanylurea. Since the alcohol molecule is likely to attach itself to the nitrile group, 
-CN, the product will be guanylethylurea with the ethyl group occupying a position 
adjacent to the CO-grcup. Since the reaction does not take place in the absence of 
copper salt, the latter obviously serves to shift the equilibrium of the additive reaction 
to the right, removing the guanylalkylurea, as soon as it is formed, out of the 
equilibrium system in the form of its copper complex. Copper acetate may be 
replaced by copper chloride, although the acetate possesses an advantage because of the 
higher solubility of the complex copper guanyalkylurea acetate than that of the chloride. 
Nickel acetate, however, failed to bring about this reaction, indicating weaker 
stability of its guanylurea complex. The ‘marked catalytic activity of copper acetate 
is also manifested when it is heated with dicyandiamide in aqueous solution in 
presence of a little acetic acid (to suppress the hydrolysis of copper acetate) ; for, on 
making the solution alkaline, the complex copper base of the simple guanylurea is 
precipitated. Thus, the reaction between ethanol and dicyandiamide is analogous 
to the hydration of dicyandiamide to form guanylurea and may be, for this reason, 
named alcoholisation of dicyandiamide, furnishing guanylalkylurea; the alkyl 
group is attached to N*-atom, adjacent to the carbonyl group of guanylurea. 


The additive reaction of alcohols with dicyandiamide in presence of copper salt, 
leading to the formation of guanylalkylureas, finds its parallel in the formation of 
imino-etlhers from alcohols and an organic nitrile “n presence of dry HCl. As dicvan- 
diamide may be viewed as a nitrile of guanidine (cyanoguanidine), it was 1 aturally 
assumed that guanylalkylureas might as well be prepared ty using HC! gas in place 


of the copper salt as catalyst. 


/OR 
NH, C - NHCN + HOR + NH, - C NH CQ 
I I NH.HC! 
NH NH 
Imino-ether. 


NH,—C-NH-C-—NHR.HCl 


I 
NH O 


Guanylalkylurea hydrochloride. 


Experiments with ethanol and butanol with dicyandiamide and dry HCl gas 
furnished, however, the hydrochloride of simple guanylurea irrespective of the nature 
of the alcohol employed. Hence, the reaction evidently occurred as follows, without 


the formation of any imino-ether-like compound : 


= 
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ROH + HCl = RCI + H,0O 
NH.—C-NHCN + H,O = 'NH,-C-NH-C-NH, 
NH wa} NH O 
NH,-C-NH-C-—NH,.HCI 
The hydrochloric acid serves to shift the equilibrium in favour of the formation 


of guanylurea from dicyandiamide and water by combining with it to form its 


hydrochloride. The water necessary for the reaction is derived from the initial action of 


- the acid upon alcohol. 


The reaction between alcohol and dicyandiamide in presence of copper acetate 
has been found to proceed smoothly with methyl, ethyl, isopropyl, n-butyl, iso- 
butyl, isoamyl and n-hexyl alcohol, as well as with glycol, yielding the corresponding 
copper guanylalkylurea complexes. Of these the guanylhydroxyethylurea compound, 
obtained from dicyandiamide, ethyleneglycol and copper acetate, was less stable than 
those derived from other alcohols. With ethyleneglycol the formation of ethylene- 
diguanylurea might have been expected because of the peresnce of two alcoholic 
hydroxyl groups in the molecule; but this expectation was not realised. Glycerol 
also responded to the same characteristic reaction, but the corresponding copper 
compound could not be isolated, presumably because of its extreme solubility and 
its low stability. 

The complex copper guanylalkylurea acetates were converted into sulphates by 
the action of ammonium sulphate, and from the latier copper was removed by 
sulphuretted hydrogen, when the sulphates of the substituted guanylureas were 
obtained. The hydr«ichlorides of the guanylurea bases were prepared from the 
sulphates by the action of barium chloride. The guanylisopropylurea sulphate was 
found to be extremely soluble. 


All these guanylalkylureas show their characteristic reactions, namely, the rose- 
coloured precipitate with copper salts and yellow-coloured precipitate with nickel 


_salts in alkaline medium. 


ExPERIMENTAL 


Guanylmethylurea Sulphate.—Dicyandiamide (25 g.), copper acetate 25 g.) and 
methyl] alcohol (300 c.c.) were refluxed on a water-bath for 3 hours. The deep violet 
reaction mixture was filtered and the filtrate left in a refrigerator overnight when the 
complex copper guanylmethylurea- acetate crystallised out. The crystals were 
dissolved in water and the complex copper guanylurea sulphate precipitated from the 


solution with ammonium sulphate. The precipitateg complex sulphate was suspended 

in water (400 c.c.) and treated with H,S. The copper suiphide was removed by : 
filtration, the filtrate freed of H.S by air and then concentrated on the water-bath - 
(50-70 ¢.c.). It was cooled in ice, when snow-white shining crystals separated from’ 


I 
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the solution. These were further purified by crystallisation from hot water and 
dried in air; yield 20 g. A further crop of the substance was recovered from: 
the mother-liquor by the addition of acetone ; yield 5 g. 


The substance is soluble in water, sparingly soluble in alcohol and insoluble iu 
acetone. [Found: C, 19.15 ; H, 5.86; N, 30.09; SO,, 26.30; H,O (by loss at rro*), 
9.81. (C;H,N,O),.H,SO,.2H,O requires C, 19.673 H, 6.01; N, 30.60; SO,, 26.22; 
H,0, 9.80% ]. 

Guanylmethylurea Hydrochloride.—-Guanylmethylurea sulphate (5 g.) was dissolved 
in hot water (z0 c.c.) and treated with an aqueous solution of barium chloride 
dihydrate (3.5 g. in 1oc.c. water), The mixture was digested on the water-bath for 
20-30 minutes, filtered, concentrated and treated in the cold with acetone, when 
shining, colorless crystals separated. These were filtered, washed with acetone and 
dried in air, m.p. 157-58°. (Found: C, 23.80; H, 5.9; N, 36.84; Cl, 23.59. 
C,H,N,O.HCI requires C, 23.61 ; H. 5.9 ; N, 36.72 ; Cl, 23.27%). 


Guanylethylurea sulphate was obtained as usual from ethyl alcohol, dicyandi- 
amide and copper acetate. The substance was purified by dissolving in minimum 
quantity of hot water and then reprecipitating by acetone ; yield (from 25 g. dicyandi- 
amide), 25 g., m.p. 137-38°. [Found: C, 26.0; H, 6.0; Ny, 30.87; SO,, 26.69. 
(C,H,.N.O)2.H2SO, requires C, 26.8; H, 6.1; N, 31.28; SO,, 26.81%]. 


Guanylethylurea hydrochloride was prepared from its sulphate and barium chlo- 
ride ; m.p. 166-67°. (Found: C, 28.02; H, 6.01; N, 33.66; Cl, 21.62. C,H,.N,0.- 
HCI requires C, 28.78; H, 6.52; N, 33.63; Cl, 21.32%). 


Gnanyl-n-butylurea Sulphate.—The crude complex acetate that separated from 
the refluxed reaction mixture (n-butyl alcohol, copper acetate and dicyandiamide) on 
cooling was further purified by recrystallisatioi: from rectified spirit. The solution 
of the complex acetate in aqueous alcohol was treated with ammonium sulphate, when 
the dark rose-red complex copper sulphate was precipitated. The reagent was then 
prepared as in the previous cases; yield (from 25 g. dicyandiamide), 20.24 g., m.p. 
135-37°. [Found: N, 26.73; SO,, 23.54. (C.H,.N.O)2.H.SO, requires N, 27.05; SO,, 
23.18% ]. 

Guanylisobutylurea sulphate was prepated as described for the previous com- 
pound by using isobutyl alcohol ; m.p. 143-45°- [Found: C, 31.65; H, 7.01 ; N, 24 08; 
SO,, 21.78 ; H,O (by loss at 110°), 8.40. (C.sH,.N,O)2.H2SO,.2H,0 requires C, 32.00; 
H, 755; N, 24.88; 21.33 8.0%]. 


Guanylisobutylurea hydrochloride was obtained from its sulphate and barium 
chloride ; m.p. 167-68°. (Found: C, 36.07 ; H, 7.02 ; N, 28.20; Cl, 18.49. C,H,,N,0.- 
HCI requires C, 36.08 ; H, 7.69; N, 28.78; Cl, 18.25%). 

Guanylisoamylurea sulphate was prepared as described in the case of previous 
compounds by using isoamyl alcohol ; m.p. 150-51°. [Found: N, 25.10; SO,, 21.96. 
(C,H,.N.O)2.H,SO, requires N, 25.33; SO,, 21.72%]. 
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Guanyl-n-hexylurea sulph te was prepared like the previous compound by 
using n-hexyl alcohol, m.p. 133-35°. [Found: C, 39.35; H, 7.23; N, 23.69; SO. 
20.66. (CsHisN.O):-H,SO, requires C, 40.85; H, 8.08; N, 23.83; SOu, 20-42%]. 
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BEHAVIOUR OF CHLORONITROBENZENES WITH HYDRAZINE AND 
HYDRAZINE DERIVATIVES. PART VII. NITROPHENYL- 
SEMICARBAZIDES 


By R. S. Kap. anp S. S. 


Preparation of nitrophenylsemicarbazides, and thcir reactions with concentrated sulphuric acid and 
halogens are described. 


The reaction of chloronitrobenzenes with semicarbazide was first studied by Giua 
et al. (Gazzetta, 1923, 58, 844 ; J. prakt. Chem., 1925, 110, 289). They prepared several 
dinitrophenylsemicarbazides from trinitrobenzenes by substitution of one of the nitro 
groups. Phenylsemicarbazides and substituted phenylsemicarbazides are important 
intermediates for the synthesis of a variety of heterocyclic compounds such as 1-phenyl- 
1:2:4-triazoles (Wid:nan, Ber., 1893, 26, 2612), diphenyloxytriazoles (Young, J. Chem. 
Soc., 1895, 67, 1064), 1-phenylurazole (Pinner, Ber., 1888, 21, 1224) and benzotriazines 
(Guha and Ghosh, this Journal, 1928, 5, 439). 

In this communication, the action of semicarbazide hydrochloride on various 
halogenated polynitrobenzene derivatives has been studied und the corresponding 
nitrophenylsemicarbazides have been obtained ‘vide Table I). It has been found that 
the action of 80% sulphuric acid on 2:4-dinitrophenylsemicarbazide results in the 
hydrolysis of the amide group and 2: 4-dinitrophenylhydrazine is formed. 

In case of other substituted dinitrophenylsemicarbazides, it has been observed that 
thcse in which both the ortho positions are substituted by nitro or halogeno groups, 
no hydrolysis takes place. This may be due to steric factors. 3-Methyl]-, 3-chloro- 
and 3-bromo-4 :6-dinitrophenylsemicarbazides behave normally and furnish the corres- 
ponding hydrazines in good yields on hydrolysis. 

The action of chlorine in carbon tetrachloride with 2 : 4-dinitrophenylsemicarbazide 
results in the formation of 2:4-dinitrochlorobenzene as ultimate product and that of 
bromine in glacial acetic acid to 2 : 4-diuitrobromobenzene. 


ExPERIMENTAL* 


**2 4-Dinitrophenylsemicarbazide.—2 :4-Dinitrobromobenzene (0.1 M) in alcohol 
(200 c.c.) was allowed to react with a sojution of semicarbazide hydrochloride (0.12M) 
in water (20 c.c.) containing excess of sodium acetate (0.2M). The reaction mixture 
was heated on a water-bath for about 3 hours when some 2: 4-dinitrophenylsemi- 
carbazide separated out. It was cooled, filtered and crystallised from glacial acetic 
acid in fine yellow needles (70%), m.p. 207°. (Found: N, 28.68. C,H,O;N; requires 
N, 29.04%). It is soluble in hot water with a change in colour. Alcoholic or aqueous 
solution with dilute sodium hydroxide showed a dark black colour. Similarly the other 
polynitrophenylsemicarbazides were prepared (Table I). 


*All melting points given are uncorrected. 
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: TABLE I 
S. No. Nitrobenzenes Nitrophenylsemi- M. P. Colour. -Formw‘a. Found. Calc. 
used. carbazide formed. 
1. 1:3-Dichloro-4 :6-di- ¥*3-Chloro-4:6 di- Yellow  C7Hg%N;Cl Cl:12.56 12.88 
needles 
2. 1:3-Dibromo-4:6-di- 3-Bromo-4 :6-di 2€0° (d) Do C;H,O;N;Br Br:24.62 25.00 
3- **3-Methyl-4:6-di- 237° Do CsH,0;N; N:27.36 27.46 
4 :0-d1- 
4. 1:4-Dichloro-2 :6-di- 4-Chloro-2 :6-di- 217° Orange (C7H,O;N;Cl Cl:12.48 12.88 
5. 1:4-Dibromo-2 :6-di- 4Prcmo-2:6-di- 226° (4) “Yellow  Br:24.57  25.c0 
needles 
6 1 :2-Dichloro-4 :6-di- 2-Chlero-4 :6-di- 218° Do. t 
7. 112 :3-Trichloro-di- 2 :3-Dichloro- 233° (d) Light C7H;O5N;Clg _C1:22.63 2201 
4:5-di- yellow s 
needles 
8. 1-Chloro-2 :6- **2: 4:6 Tri- 220° Yellow C7H,07N¢ N :28.83 29.37 
tri- needles. a 
**2 +-Dinitrophenylhydraz ne.—2 : 4-Dinitrophenylsemicarbazide (1 g.) was heated 
-with 80% H,SO, (10 c.c.) under slow reflux fer abeut an hour. The cooled and diluted a 
mass was treated with an excess of sodium carbonate when the hydrazine was liberated. o 
It was crystallised from ethyl acetate in red needles (0.5 g.), m.p. 198°. (Found: N, I 
28.04. Cale. for C,H.O.N,: N, 28.28%). The jdentity of the above product was b 
established by mixed m.p. with 2:4-dinitrophenylhydrazine and also the mixed m.p. 
_of their hydrazones. 
Similarly the other dinitrophenylhydrazines were obtained from the corresponding 
.dinitrophenylsemicarbazides by hydrolysis (‘Table II). 
TABLE II T 
S. No. 4:6-Dinitro- 4:6-Dinitro- 
phenylsemi- phenylhydra- is 
carbazide used. zine formed. M. P. Color, Fonnd. Calc. sc 
I. 3-Chloro- **3-Chloro- 192° Orange yellow needles Cl :14.62 15.27 
2. 3-Bromo- **3-Bromo- 204° Do Br :28.45 28.88 
3. 3-Methyl- **3.Methyl- 103° Do N :26.31 26.42 
Reaction with Chlorine.—2 :4-Dinitrophenylsemicarbazide (o.5 g.) was treated with 
an excess of chlorine in CCI, for 2 days. The crystalline mass, obtained on removing 
the excess of chlorine and the solvent, furnished pale yellow prismatic rods from alcohol } 
‘(0.25 g-), m.p. 53°, undepressed on admixture with an authentic sample of 2 :4-dinitro- 
chlorobenzene. 
Reaction with Bromine.—2 : 4-Dinitrophenylsemicarbazide (0.5 g.) was heated with ‘ 
‘an excess of bromine in acetic acid for an hour, The product on dilution was crystallised : 
‘from alcohol in pale yellow cubes (0.3 g.!, m.p. 72° ; mixed m.p. with an authentic 4 
sample of 2 : 4-dinitrobromobenzene remained undepressed. : 
**Prepared before. 
CHEMICAL LABORATORIES, 8 
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BENZYLTHIOUREAS. PART III 
By K. J. Suan, P. S. SATPANTHI AND J. J. Trivepi 


1.(0-Carbethoxyphenyl)-, 1-(sulphamoylphenyl)- and 
thioureas have been prepared. 


Shimotani (J. Pharm. Soc., Japan, 1952, 72. 328) has shown that carbethoxyphenyl- 
thioureas exhibit a vermicidal activity, similar to n-hexylresorcinol, on earthworms. 


Yamada etal. (Chem. Abs, 1956, 50, 9453, Pat. Japan, 7480/1954) have prepared 
sulphanilamide-N*‘-thiourea derivatives. Viswanathan, Raghavan and Guha (J. Ind. 
Inst. Sci., 1953, 25, 251) have prepared substituted thiourea derivatives of metanilamide 
and found them to exhibit antibacterial properties. As some of the benzylthioureas 
described in Part I (Shah, Trivedi and Trivedi, this Journal, 1956, 33, 423) showed 
antibacterial properties, it was considered desirable to study benzylthioureas containing 
o-(carbethoxyphenyl), sulphanilainido and sulphathiazolyi groups. With this in view 
1-(o-carbethoxyphenyl)-, 1-(sulphamoylpheny])- and 
benzylthioureas have been prepared and described in this communication. 


ExPERIMENTAL 


Substituted benzyl isothiocyanates were prepared as described in Part I (loc.cit.), 
The various substituted thioureas were prepared by the action of substituted benzyl 
isothiocyanates on ethyi anthranilate, sulphanilamide or sulphathiazole in warm alcoholic 
solution, as described in Part II (‘Trivedi and Trivedi, this Journal, 1958, 35, 657). 
Compounds (crystallised from alcohol) are described in Tables 1 to ITI. 


TABLE I 


No. Sabstituent Formula, Appearance. M.P. % Sulphur. 
X. Found. Calc, 
I. p-Cl C)7Hy702N,C1S Colorless needles 221° 9.0 9.2 
2. Grains 255° 9.1 9.2 
% o-Br Ci7Hy7O2_NyBrS Do 246° 8.1 8.1 
4. m-Br - Shining flakes 219° 8.0 8.1 
5. p-OMe Do 221° 9.2 9-3 
6. p-Me CygH9O,N2S Colorless needles 108° 9-4 9.7 
7 m-Me - Plates 204° 9.6 97 
8. 2:4-Meg Grains 240° 9-2 9.4 
9. p-Br Cy7Hy7O,N2BrS Fluffy needles 238° 7.9 8.1 
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TABLE 


No, Substituent. Formula. Appearance M.-P. % Sulphur. 
x. Found Cale 

I. H Needles 196° 20.0 
2 p-Cl C\gHyO2N3CIS, Do 196° 18.1 18.0 
3. e-Cl » Do 190° 18.2 18.0 
re m-Br CyyqH4O2N3BrS_ Grains 172° 159 16.0 
p-Rr Needles 204° 161 16.0 
6. m-T Cy4H)4ON3IS_ Do 193° 142 14.3 
7. p-I A Do 2c3° 141 143 
8. p-OMe Cy5H)703N3S9 Grains 212° 18.0 18.2 
9. m-Me Do 19° 19.0 19.1 
10. 2 :4-Me, Needles 208° 18 2 18.4 

Il 3:4-Meg Colorless needles 18.3 18 4 
12. p-ORu C)gHg203N3S9 Grains 175° 16.2 16 3 

TaB.e III 


S——C—NHO,SC,H,NHCSNHCH,C,H,-X. 
i 
HC N 
Y 


CH 

No. Substituent. Formula, Appearance. M.P. % Sulphur. 
X. Found. Cale. 
I, H C17Hy,02N4S3 Shining needles 232° 23.7 23.8 
2s o-Cl Cj7H);02N,CIS; Grains 218° 21.8 21.9 
3e p-Cl = Shining plates 223° 22.0 21.9 
4a m-Br C)7H)50_.NyBrS3 Grains 226° 20.0 19.9 
- p-Br e Shining needles 221° 19.8 19.9 
6. Shining flakes 232° 18.2 18.1 
p-I Needles 226° 180 18,1 
8. 2:5-Meg Cig Grains 225° 22.2 22.3 
p-OMe Do 257° 22.0 22.1 
10. 3:4-Meg Granules 210° 22.4 22.3 
s. m-Me CjgHg02N,S; Thin plates 233° 22.8 22.9 
12. p-OBu Co} Granules 155° 19.7 19.8 


The authors thank M/S May and Baker (India) Ltd. and Ciba Pharma (India) Ltd. 
for gifts of chemicals and the Government of India for a grant (to J J.T.) for the purchase 
of a micro-balance. 
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SYNTHESIS OF HETEROCYCLIC STEROIDS* 
B. D. Tinak 


DEPARTMENT OF CHEMICAL TECHNOLOGY, UNIVERSITY OF BOMBAY 


My first duty is to pay homage, on behalf of myself and my research colleagues, 
to the memory of the Late Dr. Basudev Banerjee, whose birth anniversary we 
are celebrating to-day, and in whose memory the Basudev Banerjee Medal and the 
Prize have been instituted. It is indeed a great privilege to be the first recipient 
of this award, and to be called upon to deliver the first Basudev Banerjee 
Memorial Lecture. I wish therefore to express my grateful thanks to the Council 
of the Indian Chemic.l Society for the award. 

This lecture has to be based on the research carried out in the last five years 
that has been submitted in this connection. Instead of covering the entire field 
of my research activity in this period in a diffused manner, I propose to discuss 
in some detail only one particular investigation dealing with the synthesis of 
heterocyclic steroids which might be of some special interest to organic and biochemists 
working in the field of steroids. This lecture also includes some work carried out 
in this period which is unpublished. 


CuartT IA 
Thiopyrano steriods 


Me Me 


H Me 
Nazarov ef al. (1953, 1955) 


*First Basudev Ranerjee Memcriv! Lecture, delivered undet the auspices of the Society on Maich 30, 
1959 at the Institute cf Chemistry, Bombay. 


Me 
4 Me 
H 
M 
e Me 
Me | 
4 SQ 
Me 
Me | 
Me 
oO 
H Oz H So. 
Me Me 
Me 5 H 
4 oO OH 


510 B. D. TILAK 


The synthesis of thiosters of carcinogenic polycyclic hydrocarbons is in progress 
in this laboratory for the past twelve years. This work and the related investi- 
gations in the development of synthetical procedures for condensed thiophenes and 
thiapyrans form a part of the study of the role of the activated phenanthrene 
9:10-double bond (the K region) in carcinogenesis by polycyclic derivatives of 
phenanthrene’~’, In 1955, the above work was extended to the total synthesis 
of heterocyclic steroids*. 


CHART IB 
Thiophenosteriods 
re) OH 
S 

Tilak and Mitra (1955) ’ 
Collins and Brown (1957) Tilak and Mitra (1957) 

Coumarino Steroids 

COeME 
oo 
H 
From Estrone From Progesterone 

Westerfeld (1942) Thompson et al. (1954) 


Jacobsen et al. (1947) 


HO 


Buu Hoi and Lavit (1956) 


So far little systematic work appears to have been reported as regards the tolal 
synthesis of heterocyclic steroids, wherein the hetero atom forms a part of the 
cyclopenta-(a)-phenanthrene unit and where the essential structural features associated 
with the steroidal molecules, such as, the angular methyl groups, the oxygen 
functions and the particular stereochemical pattern, have been retained in the relevant 
positions. The steroidal alkaloids are examples of the heterocyclic stercids, but in 
these cases the hetero element is not a part of the C,, steroidal skeleton’. Among 
the heterocyclic steroids that have been reported (see charts IA, In, Ic) may be mentioned 
thiapyranosteroids of ambiguous: structure®, and certain ccumarinosteroids’, some of 
which are derived from natural steroids by degradation and _ resynthesis*’ *’ * 


° 
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4-Aza‘®"'' and 16-aza"* analogues of steroids have been prepared by degradation of 
rings A and D in natural steroids and subsequent lactam formation. 17a-Aza-D- 
homosteroids have been prepared by the Beckmann rearrangement of oximes of 17- 
ketosteroids **""*. Pyridazenone analogues have been synthesised by degradation of 
ring A in cholesterol and subsequent treatment with hydrazine’’’* whereas the 
pyridylsteroids have been synthesised from ketosteroids by treatment with pyridyl- 
lithium’? and the nitrogen atom is therefore not a part of the steroidal skeleton. 
Among the thiophenosteroids*’"*, the only work reported is from this laboratory and by 
Collins and Brown'® who have also carried out investigations on identical lines as ours. 


Ic 


Aza steroids. 


CHe-Ph 
sie (1938) Woodward et al. (1952) 
(1950) 
sa 
Oximes of 
17-Ketosteroids 
St. Kaufmann (1951) Clemo and Mishra 
Regan and Hayes ( 1956) (1953, 1955) 


OH 
17-Ketosteroids —?>C 


N 
4 
Heer and Hoffman (1956) 


Weisenborn et al. (1954) 


The phenolic estrogenic steroids were chosen as a convenient starting point in 
this study in view of their -carcinogenic activity, and aromaticity which reduced 
the number of stereoisomers in synthesis, Efforts were first directed towards the 
total synthesis of thiopheno analogues of equilenin and estradiol, and later the 
synthesis of furano and pyrrolo analogues of equilenin was undertaken. The phen- 
anthrene-bridge position in the steroids was replaced by the heterocyclic atoms 
by substitutirg the B ring by the above heterocyclic ring systems. 


= 
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Synthesis of 3-Desoxy-B-nor-6-thiaequilenin* (I) and 3-Desoxy-B-nor-6- 
thia-isoestradiol'® (II) 


The synthesis of (I) and (II) was undertaken to clear the ground for the 
synthesis of the relevant thiosters of equilenin and estradiol. 


3-Desoxy-B-nor-6-thiaequilenin (I) was synthesised in two stereoisomeric forms 
melting at 92° (Ia) and 148° (Ib) from 4-oxo-1:2:3:4-tetrahydrodibenzothiophene 
(III), which was prepared by known methods in improved yields (54%! and purity 
from thionaphthene. The ketone (III) was converted into (Ia) in 7 steps (overall 
yield 33%), as shown in Chart II, following Johnson’s equilenin synthesis. 


CHART II 


Synthesis of 3-desoxy-B-nor-6-thiaequilenin (I). 


NadMe CHoH NH,OH.HcI CH 


Oo 
Me|| 
Me 
ToBee 
(IV) 
(Ia) | (Ib) 
Overall yield b 
from (I) 


The decarbethoxylation of compound (IV) in Chart II might give rise to two-bond 
isomers, 14 :15-dehydro-3-desoxy-B-nor-6-thiaequileniu (V) or 15 : 16-dehydro-3-desoxy- 
B-nor-6-thiaequilenin. Actually only one isomer, m.p. 172.5-74°, was isolated in good 
yield, and this was undoubtedly the desired isomer (V), as shown by the u. v. spectra. 
Catalytic hydrogenation of (V) in ethyl acetate consistentiy furnished the same com- 
pound (Ia), m.p. 92°, whereas hydrogenation in acetic acid afforded either this or 
another stereoisomer (Ib), m.p. 148°. The compound, m.p. 92°, obtained by catalytic 
hydrogenation under neutral conditions, has been assumed to contain a C/D trans- 
junction in analogy with the work in the equilenin series*” **. 


54, 
ND 
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The B ring in compound (Ia) was then reduced to obtain a thioster of estra diol by 
taking advantage of the sulphur atom, as shown in Chart III'*, In view of the fact 
that cis-1:2:3:4:4a:9a-hexahydrodibenzothiophene-5 : 5-dioxide is formed by catalytic 
hydrogenation of 1:2:3:4-tetrahydrodibenzothiophene-s : the final pro. 
duct in the reaction sequence shown in Chart III probably contains a B/C cis junction, 
and is now designated as 3-desoxy-B-nor-6-thia-iso-estradiol (II). 


III 


Synthesis of 3-Desoxy-B-nor-6-thia-iso-estradiol. 


S02. 


OH OH © 


(11) 302) 60%, 
CiR 2630 ) 


Having prepared the model compounds (I) and (II), the synthesis of B-nor-6- 
thiaequilenin (VI), the thioster of equilenin itself was then undertaken. 
We, however, encountered several difficulties. Firstly, whereas the synthesis of com- 
pounds (I) and (II) started from thionaphtkane (obtained as a gift from Jefferson 
Chemical Co., USA), the starting material for (VI) was 6-methoxythionaphthene (VII) 
which had been prepared by us-earlier in 33% yield from the difficultly available and 
expensive substance, m-anisidine**. The structure of (VII) followed from the fact that 
it afforded, on demethylation, the known 6-hydroxythionaphthene”®. Attempt was then 


re) 
(la) 
M.P. 92° f 
re) | 
He» Pd-C | 
507 
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made to convert (VII) into 7-methoxy-4-oxo-1 : 2:3 :4-tetrahydrodibenzothiophene 
(VIII), the desired starting material for the synthesis of the equilenin thioster (Vi). 
The procedure was the same as that adopted earlier for the synthesis of (III) from 
thionaphthene*. However, the Friedel-Crafts condensation of B-carbomethoxypro- 
pionyl chloride with 6-methoxythiouaphthene (VII) took place in the undesired 
2-position to provide 8-2-(6-methoxythionaphthoyi)-propionic acid (IX). The structure 
of the acid (IX) was proved by the Martin-Clemmensen reduction and hydrolysis to an 
acid (A), which proved to be different from authentic y-3-(6-methoxythionaphtheny]l)- 
butyric acid (X) which will be described later. The acid (A) is therefore represented 
by y-2-(6-methoxythionaphthenyl)-butyric acid (XI). The fact that succinoylation 


‘had taken place in the thiophene part, was shown by desulphurization of (IX) by 


treatment with Raney nickel and oxidation of the sulphur-free product, when p-anisic 
acid was formed’®. The strong mesomeric effect of the methoxy group leads toa 
higher electron density at the 2-positiun in 6 methoxythionaphthene and. hence, the 
electrophilic substitution occurs in this position. 2-Methoxynaphthalene, which is 
isosteric with 6-methoxythionaphthene, also behaves similarly in the Friedel-Crafts 
reaction*®, The reactions involved in the above steps are outlined in Chart IV. 
Synthesis of the starting ketone (VIII) from 6-mcthoxythionaphthene (VII) had therefore 


to be abandoned. 
CuHarT IV 


CooH 


(Nil) ) (A, 


— 
MeO 


7-Methoxy 4-0X0-1 :2:3 :4-tetrahydrodibenzothiophene (VIII) was finally prepared 
unambiguously in 4 steps from m-methoxythiophenol aud ethyl y-haloacetylbutyrate 
(XII) (prepared in 3 steps from glutaric anhydride’. The overall yield of the ketone 
(VIII) from the thiol and (XII) was only 28%, and considerable time was oem in 
accumulating this starting material in sufficient quantity for further steps”’. The 
conversion of the ketone (VIII) into B-nor-6-thiaequilenin (V1) was attempted again 
according to Johnson’s equilenin synthesis’®, and these and the above steps are 


H (OMe), 

| 

Me NHe, MeO SH Me 
ap) 
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outlined in Chart V**. The different steps up to 3-cyano-7-methoxy-3-methyl-4-oxo- 
1:2:3:4-tetrahydrodibenzothiophene {XII) proceeded satisfactorily, but all attempts 
to convert the latter into the tetracyclic steroidal skeleton (XIII) by the Stobbe 
condensation with diethyl succinate proved unsuccessful. It may be mentioned here 
that the Stobbe condensation had been successfully effected earlier on the following 
ketones: 4-0x0-I :2:3:4-tetrahydrodibenzothiophene (yield 46%)*, 3-cyano-3-methyl- 
4-OxX0-I : 2:3 :4-tetrahydrodibenzothiophene (yield, 68%)* and 7-methoxy-4-oxo-1 : 2:3 :4- 
tetrahydrodibenzothiophene (yield 36%)’. 


CHART V 
1, 
. soc 
(cra) —— (Ch) 
o Neooet 3 
Cooet 
(A) 
$0’), Hx 
$ vom (A) 
(CHE 
cooet 


(xu), X=Cl Br 


(*) 
(vad 
CN 
fe} STosee 
(xn) 
Ss 
(xm) (Vi) 


Johnson’s route to the thioster (VI) of equilenin having failed, the alternative 
approach due to Bachmann was next tried. The ketone (VIII) was converted iuto 
the glyoxalic ester (XIV), but all attempts at removal of carbon monoxide from this 
ester to furnish the desired {-keto-ester (XV) were unsuccessful. The ketone (VIII) 
was then converted into 3-carbomethoxy-3-methyl-7-methoxy-4-oxo-1 : 2 ; 3 :4-tetra- 
—— (XVI) by treatment with methyl carbonate and scdium 

9-1 


PPA 
MO #87, s 
NHQOH. HC! 
AcOH 
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methoxide, followed by methylation in situ by means of methyl iodide. Compound 
(XVI) was then subjected to the same sequence of reactions as in Bachmann's equilenin 
synthesis, as shown in Chart VI. We have succeeded in isolating the two half-esters 
(XVII) and (XVIII), and it is hoped that by crossing three more steps we will reach 
our immediate goal of dl-equilenin thioster (VI) in the near future**. The synthesis of 
a thioster of estradiol from (V1) appears feasible on lines followed eariier by us for the 
synthesis of the 3-desoxy analogue (I1)’*. 


CuHart VI 
A CO-Co,et CozEt 
| (XIV) (XV) 


é 


Cc 
° CH-CO2Me 


OH 
(xvi) 
Me 
CO2H 
CH,CO,H 
H H 
Me 
Meo Me © MeO 
(XVID) 
D>Steps S 


Ho al-v 
Synthesis of dl-B-nor-6-oxa-equilenin (XIX) 
dl-B-nor-6-Oxa-equilenin (XIX) was synthesised starting from resorcinol by a 13-step 
seyuence as shown in Charts VII and VIIA. Resorcinol was converted into the known 
y-(2 :4-dihydroxybenzoyl)-butyric acid (XX)**, which was then processed through 
5 steps to the desired starting ketone, 7-methoxy-4-oxo-1 : 2 : 3 : 4-tetrahydrodibenzofuran 
(XXI) (yield from XX, 24%). dl-B-nor-6-Oxa-equilenin (XIX) was then synthesised 
by Johuson’s procedure in 3.5% overall yield by a 7-step synthesis starting from the 


- 
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ketone (XXI). The various steps up to 15-carbethoxy-14 : 15-dehydro-B-nor-6 oxa- 
equilenin (XXII) have been reported earlier*®, Elimination of the carboethoxy group 
from (XXII) afforded 14 :15-dehydro-B nor-6-oxa-equilenin methyl ether (XXIII) and not 
the alternative 15:16-dehydro derivative, as proved by the comparison of the u. v. 
spectra of the compound with 7-methoxy-1:2:3:4-tetrahydrodibenzofuran and com- 
pound (XIX). Catalytic hydrogenation of (XXIII) in ethyl acetate gave only one 
isolable product which, by analogy in the steroidal field*®-**, had been assumed to 
contain a C/D trans junction, and was therefore designated B-nor-6-oxa-equilenin 
methyl ether (XXIV). Hydrolysis of the methyl group provided dl-B-nor-6-oxa- 
equilenin (XIX), m.p. 190°. The optical resolution of the compound could not be 
undertaken due to lack of the product*’. 


Cuart VII 
(CHq)3. 
ZnCl, 140° ded 
Me,S04 
HO OH HO on on 
(RD 
Et 
2 
451, S41 lid Os 
(xxv 


yield. from (XX) 


Before I pass on to the aza-steroids, it is necessary to stress that unambiguous 
proof needs to be provided as regards the stereochemistry of the thiophene and 
furano steroids, and the analogy between the stereochemistry of the intermediates 
in natural steroid synthesis, and the compounds described above needs to be experi- 


inentally established. 


4 
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NaOMe NHZOH. HC! 


CHOH cH 
Ca] HCOzEt of \ 


CHart VIIA 


(*x1) 
Me 
CN 
CHzl GcH,cozet), , SToBBE 
oO ° 
SO] from 5¢7, 
iSoxazole 


Me 
Ba(ox), CyHsn , HCI 


(xx) 54, (x1!) 
Me Me me O 
He, HBr, AcOH 
MeO 627 meO HO “ 
- 
(xx) m.P. 190° 


Overall yield, 35% 
Synthesis of Azasteroids: Attempted Synthesis of B-nor-6-Aza-6-methyl- 
equilenin (XXV) and related Steroids** 


7-Methoxy-9-methyl-1-oxo-1 :2:3:4-tetrahydrocarbazole (XXVI), required for 
the synthesis of B-nor-6-aza-6-methylequilenin (XXV), was first prepared in two steps 
from 2-hydroxymethylenecyclohexanone** and m-methoxybenzenediazonium chloride. 
The isomeric 5-imethoxy-9-methyl-1-oxo-1 :2:3:4-tetrahydrocarbazole, also formed, 
was separated by chromatography. The structure of the ketone (X XVI) was proved 
by conversion into the known 2-methoxy-9-methylcarbazole™*. 


The ketone (XXVI} was then processed through Johnson’s equilenin synthesis, 
as shown in Chart VIII. The intermediate 2-cyano-7-methoxy-9. methyl-1-oxo-1:2:3:4- 
tetrahydrocarbazole (XXVII), on methylation under various conditions, led only 
to the undesired O-methyl derivative, 2-cyano-1 : 7-dimethoxy-9-methyl-3 :4-dihyrdo- 
carbazole (XXVIII), instead of the desired C-methyl derivative, 2 cyano-2 ;9-dime- 
‘Hyl-7-methoxy-1-oxo-1 :2 :3 :4-tetrahydrocarbazole (KXIX). Attempts at isomerisation 
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of the O-methyl derivative (XXVII) to the C-methyl derivative (XXIX) by treat- 
methoxide were also unsuccessful The synthesis of the aza- 


ment with sodium 
or the penultimate isoxazole was 


steroid (XXV) through the nitrile (XXVII) 


therefore abandoned. 
The exclusive O-methylation of the nitrile (XXVII) is obviously due to the 


enolisability of the 1-oxo-group due to the mesomeric effect of the 7-methoxy and 


9 methylamino functions”. 


Cuart VIII 
OMe AcOH 
° 
(A) 
ome 
N 
Me 
(469, from A) (197, from A) 
NaoMe NHZ0H.HCI 
(xxv) AcOH | KO-CMeg 
° 724, 
OMe 
N 
MeO 
(xxvu) (xxv) 
Me 
+ Steps 
Meo N 
“ss HO 
xxIK) ( 


In view of the isomer separatjon involved in the above synthesis and also 


because of the difficulty of obtaining 


also carried out on the synthesis of 
starting from the readily accessible, 1-oxo-1: 2:3: 4-tetrahydrocarbazole 


m-anisidiue, preliminary investigations were 
3-desoxy-B-nor-6-aza-6-methylequilenin (XXX), 
(XXXI)*, 
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tt was also of interest to investigate the feasibility of effecting the Stobbe con- 
densation on 9-methyl-1-oxo-1 : 2 : 3 : 4-tetrahydrocarbazole (XXXII) and its derivatives 
where the electron-donating 7-methoxy group was absent. The various steps postu- 
lated for the synthesis of (XXX) are shown in Chart IX. 


CHART IX 
(xxx!) 
Me 
CN 
CH 
\ 
° Me 
(xx xm) 157) 
Cozet 
2 Steps 
(xxxvj—_*— 
(XXX) 
COOH 
ch—CH, 
124, Me 


(*xxvi ) 


In the above series also, the major product of isomerisation and subsequent 
methylation of the isoxazole (XXXIII) was the O-methyl derivative (XXXIV), 
instead of the desired C-methyl derivative, 2-cyano-2 : 9-dimethy!-1-oxo-1 : 2 :3 :4-tetrahy- 
drocarbazole (XXXV). The Stobbe condensation of the latter with diethyl succinate 
was, however, unsuccessful. In view of the fact that the starting ketone (KXXII) 
does undergo the Stobbe condensation to provide (XXXVI), albiet in poor yield, the 
failure of the ketone (XXXV) to afforde the Stobbe product may be attributed to 
the inaccessibility of the 1-oxo function in (KXXV) due to steric hindrance (see 
Chart IX)*?, 

In order to overcome the steric difficulties, a new approach, as shown in Chart 
X, was explored wherein the N-methyl group in (XXXV) was deleted. Here also 
we came to a dead end since isomerisation of the isoxazole (KXXVI A) followed 
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by methylation of the corresponding nitrile (XX XVII) in situ afforded the O-methyl 
derivative (XXXVII), instead of the desired C-methyl derivative (XX XIX). 
Methylation of the nitrile (XX XVII) with excess of methyl iodide furnished -ex- 
clusively the compound (XXXIV), described earlier (Chart 1X). This route to B-nor- 
6-aza-desoxyequilenin (XL) had also to be abandoned, the failure being due the 
enolisability of the 1-oxo group in (XXXVII)™. 


CuHart X 
NaOMe NH,0H 
RcOH 
Ph re) 


KO-CMex 
> 


914 
xxxvi A 
KO-CMes 
OMe 
NH 
(xxxvil) (xxxiv) 
Me 
CN 
NH 


(xu) 


Synthesis of trans-3-Desoxy-B-nor-6-aza-D-homoequilenin™ 


Synthesis of an azasteroidal skeleton was finally achieved in an interesting 
manner by a one-step synthesis of 3-desoxy-B-nor-6-aza-D-homoequilenin (XLI) from 
trans-decalin-1 : 5-dione (XLII). The latter and phenylhydrazine were boiled together 
in acetic acid for 14 hours and after addition of hydrochloric acid, the mixture was boiled 
for another 5 minutes and diluted with water. After leaving overnight at °”, 
the mixture was worked up a° shown in Chart XI. 


H 
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Cuart XI 


+ Ph.NH.NH, 


(XLII) 
| 
Residue: Filtrate: 
Wash and treat Saturate with NaHCO, and 
with Girard Reagent T. isolate ether-soluble portion 
Ether extract. and paste with ether and filter 


Ketonic fraction Non-ketonic Residue: Filtrate : 
in aq. solution fraction in unchanged Remove ether and 
ether (XLII) dissolve residue in 
| aq. HCI, | 0.1N-HCI and add 
ether i picric acid 
extract | 
Picrate (XLIV) 
Ether extract Hexahyd:o-bis- Basify 


' indole (XLVII) 

(XLII) 
Azasieroid (XLVIII) N-Acetyl derivative (XLV) 
Semicarbazone (XLVI) 


Carbazolenine (XLIII} 


The following compounds were isolated from the reaction mixture as shown 
in Chart XI and are structurally presented in Chart XII. 


cis-4 :11:1' : 3’-(1’-Oxocyclohexano)-1 : 2 : 3 : 4-tetrahydrocarbazolenine (XLIIJ) was 
isolated through its picrate (XLIV), and characterised as the N-acetyl derivative 
(XLV) and the semicarbazone (XLVI). 


The carbazolenine (XLIII) has been assigned the cis-configuration in analogy 
with the observations of Georgian*’, and on the basis of its facile conversion into 
the N-acetyl derivative (XLV) and a study of its Courtauld atomic model**. 


The non-ketonic acid-insoluble fraction yielded 3 :4:4a:7:8 :Sa-hexahydronaptho- 
bis-(1 : 2-b:5:6-b’)-indole (XLVII), m.p. 305-307°, which was isolated through its 
picrate. The cyclisation of cis- and trans- decalin-1 : 5-dione-diphenylhydrazone has 
been studied by Hudson and Robinson**. Whereas the cis derivative provided a 
cis-bis-indole, m.p. 312-16° (decomp.), the trans derivative afforded an oxygen-contain- 
ing nitrogeneous substance, m.p. 292-96° (decomp.), which did not analyse correctly 
and indicated the presence of oxygen*’. 
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Cuart XII 


N 


(XLVI) 


NH 


The acid-insoluble ketonic fraction gave compounds (XLI) and (XLVIII) 
which were separated by fractional crystallisation. The latter compound was also 
obtained in the pure form by chromatography on alumina, 

Compound (XLIj is represented as trans-3-desoxy-B-nor-6-aza-b-homoequilenin 
(XLI) in view of its synthesis from trans-decalin-1 :5-dione (XLII). The structures 
assigned to compounds (XLIII), (XLVII), (XLI) and (XLVIII) were confirmed 
by their u.v. spectra and the infra-red spectra of compounds (XLIII) and (XLVIII). 
The spectra were compared with the u,v. and infra-red spectia of 1: 2:3 :4-tetra- 
hydrocarbazole. Further confirmation of the trams structure for compound (XL]I) 
will be sought through equilibration studies. 

Starting from trans-decalin-1 : 5-dione (XLII) and m-methoxyphenylhydrazine, the 
desired 3-oxy derivative of the compound (XLI) appears synthesisable, although problems 
in isomer separation will then arise. Although the above synthesis leads to several 
reaction products, it is nevertheless of interest in view of the fact that a complex 
steroidal skeleton is built up in ove step starting from readily accessible intermediates, 
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CONCLUSION 


In conclusion it may be stated, that the above work represents the first systematic 
investigations on the total synthesis of heterocyclic steroids from simple raw materials. 
The preliminary object of the synthesis of the heterocyclic analogues of equilenin, 
wherein the B ring is replaced by thiophene, furan and pyrrole, has been realised 
in a large measure. Further work has also been undertaken in the direction of 
elucidation of the stereochemistry of the heterocyclic steroids, repoited above, and 
also the synthesis of heterocyclic analogues of the alicyclic steroids, such as, 
testosterone. 

The present work on heterocyclic steroids is of interest not only because of 


‘the paucity of literature on the subject, but also because of other angles such 


as, the following : 

(1) The study of the application of methods employed in steroidal synthesis. 
Examples in point, are the Stobbe and Reformatsky reactions, the Birch reduction, etc. 
(2) The stereochemistry of heterocyclic steroids, and (3) the hetero-atom afford 
opportunities for modification of the chemical properties of the steroidal molecule 
and also it may provide points of degradative fission and resynthesis. 

Apart from the above chemical interests, the work is also interesting from the 
point of view of comparative study of biological activity of steroids and_ their 
heterocyclic analogues. Thus, it is of interest to study the comparative carcinogenic, 
carcinostatic and estrogenic activities of the steroids and their heterocyclic counterparts. 


The above work represents collaborative effort extended over the last five 
years and I wish to take this opportunity to express my sincere thanks to my 
research colleagues Drs. R. B. Mitra, G. V. Bhide, M. R. Venkiteswaran and Shri 
N. L. Tikotkar, N. R. Pai. M. K. Bhattacharjee and G.2.N. Sastry who participated 
in this team work, 
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SHORT NOTES 


N-(HYDROXYMETHYL)-3- AND-4-NITROPHTHALIMIDES AS NEW 
REAGENTS FOR THE CHARACTERISATION OF AMINES 


By M. L. VASA AND K, C. KSHATRIYA 


Winstead and Heine (J. Amer. Chem. Soc., 1955, 77, 1913) have shown that the 
reaction of primary aromatic amines with phthalimide and formalin to produce N-(aryl- 
aminomethyl) phthalimides is a general reaction and is useful for the identification of 
aromatic amines. With a view to ascertaining the effect of the addition of a nitro 
group, 3-nitro- and 4-nitrophthalimides have been condensed with aromatic primary 
amines in the presence of formaldehyde to yield the corresponding N-{arylaminomethy])- 
nitrophthalimides. 


In order to determine whether the above N-(hydroxymethy])-3- and -4-nitrophthali 
mides are the intermediates capable of reacting with amines, these have been prepared 
and condensed with an amine in each case. The resulting N-(arylaminomethy])-3- 
and -4-nitrophthalimides have been found identical ‘mixed m.p.) with those obtained 
without the isolation of the intermediates. 


Comparison of the derivatives of phthalimide, 3-nitrophthalimide and 4-nitrophtha- 
limide indicates that (a) the m.p.s of 4-nitro derivatives are on an average lower than 
those of the unnitrated derivatives while {b) the m.p.s of 3-nitro derivatives are on an 
average higher than those of unnitrated and 4-nitro derivatives. 


3-Nitro- and 4-nitrophthalimides were condensed with amines in the presence of 
formaldehyde according to Winstead and Heine (loc. cil.). In some cases, where the 
condensation product was obtained as an oil, it was allowed to stand or boiled with 
water, when it solidified. The condensation product, usually coloured, was filtered, 
dried and crystallised. The results are listed in Table I. 


N-(Hydroxymethyl)-3-and -4-nilrophthalimides were prepared by the condensation of 
the corresponding nitrophthalimides with formaldehyde by the method of Winstead and 
Heine (loc. cit.). ‘The former furnished yeliow needles, m.p. 103°. (Found: N, 12.8, 
C,H,O;N; requires N, 12.6%). The latter furnished yellow flakes, m.p. 150°. (Found: 
N, 12.7. C,H,.O;N, requires N, 12.6%). 


The authors thank Dr. R. D. Desai for his interest in the work and the Ahmedabad 
Education Society for defraying the expenses incurred during the course of this work. 
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THE MODERN SINGLE-SCALE PRECISION BALANCE 
TYPE 707 


This modern aualytica: balance represents a top-level product in the construction of analytical balances, 
based on decades of expericnce. It features a weighing and shifting mechanism, which assures fast and exact 
weighing and trouble-free performance. 

The numerous advantages of the balance assure fast service and faultless reading. 

Due to its simple handling the balance can be operated by anyone. 

Manufactured by 
VEB OSCHATZER WAAGENFABRIK 


German Democratic Republic. 
For further information please get in’touch with 


Agents: M/s. M. Abbasbhoy & Co. 
66, Canning St, Calcutta. 


- or with 
The Trade Representation of the German Democratic Republic in India 
Branch Offices : 
122, Dinshaw Wachha Rd , P-117, Mission Row Extn. 
Mistry Bhavan, Bombay. Faraday House, Cal. 1. 


& 
40 
atin’ 
_ 
* 
V 


J. 1.C.S., July, 1959. 


SCIENTIFIC INSTRUMENTS 
For Research Laboratories, Schools, Factories, etc. 


Surveying & Meteorological Instruments. 

Microscopes. Microtomes. 
Testing Apparatus of coal, coke, oil, paper, 
textile yarn, cement, concrete, soil, grain etc. 
Crushers. Grinders. Pulverizers Sampling 
Machines & Plants, 
Thermometers ¢ Temperature Regulators. 


Calorimeter 


Write for Free English Catalogues to: 


OGAWA SEIKI CO. LTD. 


No. 184, 2-chome, Hyakunin-cho Shinjuku-ku, Tokyo, Japan. 


BOROSIL 


LABORATORY GLASSWARE 


6 such as 


FLASKS, BEAKEBS, CONDENSERS, MEASURING 


FLASKS, MEASURING CYLINDERS, PIPETTES & 
LABORATORY and 


ANY SPECIAL APPARATUS MADE TO DESIGN 
GLASS APPARATUS PENICILLIN BULBS— WHITE 


ALU OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT’S DESIGN 
* 


Sole Selling Agents: 
GHARPURE & CO. INDUSTRIAL & ENGINEERING 


P36, ROYAL EXCHANGE PLACE Extn, | APPARATUS CO. PRIYATE LTD. 


CALCUTTA-1 CHOTANI ESTATES, PROCTOR ROAD 
Gram : MEENAMO. PHONE : 22-2001 GRANT ROAD, BOMBAY 7 
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For Laboratory Reagent Quality Acids 
To Precise Specifications 


Maximum Limits Acid Sulphuric Keid Nitric Acid Hydrochloric 


H,.SO, 798% w/w? HNO,:69.8% w/w  HCl:35.4% w/w 


of Impurities: 
Sp. gr. 1.840 at 15°. Sp.er. 1.420 at 15°. Sp. gr. 1.180 at 15 


Non-Volatile Matter : 0.0025 % 0.001 % 0.001 % 
Chloride (C1) : 0.0002 % 0.00007 %, _ 
Free Chlorine (C1) : _— -- 0.0002 % 
Nitrate (NO,) 0.00002 % 
Sulphate (SO,) : — 0.0003 % 0.0003 % 
Heavy Metals (Pb): 0.0002 % 0.0002 % 0.0002 % 
Iron (Fe): 0.0001 % 0.0001 % 0.0001 % 
Arsenic (As) : 0.1 part 0.02 part 0.04 part 


per million 


per million 


per million 


Ze 


Ammonium (NH,) : 0.0005 % 
Selenium (Se) : 0.001 % 
Oxygen Absorbed (0): 0.00015 % 


We invite orders and enquiriés, 
Write us about your requirements 
for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA :: BOMBAY §:: KANPUR 
- Office: 6, Ganesh Chunder Avenue, Calcutta-13 
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VERY RELIABLE INDIGENOUS SUBSTITUTES 
OF GUARANTEED ANALYTICAL REAGENTS 
MAY BE FOUND IN 


“BASYNTH” 


Brand 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 

Xylene 
Petroleum Ether 
Amy! Alcohol 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Calcutta-32 


Buty! Alcohol Ete., Etc, 


MADE IN INDIA 
HIGH VACUUM ROTARY PUMP 
Single Stage & Two Stage 


Suitable for use in Laboratories and small-scale 
industrial vacuum operations 


* Ali Indian Materials and Construction 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Calcutta-32 


Telephone : 26-2304 
Telegram : TECHLAB 


A few of our Agencies : 
* LUDWIG SEIBOLD, Austria, 
For pH Testers, Titrators, 
and Recorders etc. 


EASTMAN KODAK; U.S. A., 
For All Sorts of Complex 


Organic Chemicals, 


44/6, Regal Building, 


* FOR YOUR REQUIREMENTS 
OF ALL KINDS OF EQUIPMENTS FOR RESEARCH * 


RAJ-DER-KAR & CO., 


SADHANA RAYON HOUSE, Dr. D. NAOROJI ROAD, BOMBAY-1 
Branch office: 
Connaguht Place, New Delhi. 


*Ww.A. TAYLOR & CO.,U.S.A., 
For pH Comparators, Indicators, 
Water Analysers etc. 

* TRACERLAB Inc., A., 
For Radiochemicals & Equipments 
for Nuclear Research. 
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Phone— 34-3176. Telegrams—Nadiachem!, 


NADIA CHEMICAL WORKS PRIVATE LTD. 
C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA-12. 


Manufacturers of :— 


1. CHEMICALS—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and _ Inorganic 
compounds and other fine Laboratory Chemicals 


2. STILLS for distilling Essential Oils, Alcohols, 


Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


3. OVENS, Baths &c. for Gas, Oil or Electric heatings. 


4. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


5. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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PLANTS 
FOR 
HEATING 


IN 


LABORATORY 
INDUSTRY 
KITCHEN 


GANSONS 
PRIVATE LIMITED. 


P.O.B. 5576, BOMBAY.14. 
——Also makers of—— 


Superior Laboratory Fittings 
Atomic Equipments, 


For 
LABORATORIES 


MANSFIELD OIL GASCO.LP 
‘6, RADHANATH CHOWDHURY ROAD, CALCUTTA JS 


Branch —201, LINGHI CHETTY ST, MADRAS 


AVAILABLE FROM READY STOCK 


INDICATING PYROMETERS, THERMOCOUPLES 


DIAL THERMOMETERS (mercury-in-Steel and 
Vapcur pressure), 


AND 


OTHER LABORATORY EQUIPMENT OF 
EVERY DESCRIPTION, 


PLEASE CONTACT: 


LABORATORY FURNISHERS 


DHUN MANSION, VINCENT ROAD,.DADAR, BOMBAY 14 


TELEPHONE : 62741 


Branch: AHMEDABAD 


H H 
: GAS SUPPLY 
|= 
Our Specialities—Fitting of Oil Gas plants; Supply of 
Science Laboratory Equipments, Furniture & Wood 
7 work of all descriptions. 
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We Wanufacture... 


Laboratory Chemicals | 
G Reagents 


of a wide range anden rigid | 


control and expert supervision 


to ensure guaranteed standard 


& reliability. 


A selection from our range : 


*Acetone 


*Carbon Tetrachloride 


*Alcohol Methyl *Lead Acetate 

‘Barium Carbonate *Liquor Ammon Fort 
*Barium Chloride 

*Benzene *Xylol 


THE CALCUTTA CHEMICAL CO., LTD. 
CS) HEAD OFFICE: 35, Panditia Road, Calcutta 29. 
BRANCH OFFICES & DEPOTS AT: 


Delhi, Madras, Bombay, Bangalore, Vizag, Ranchi, Nagpur, Jamshedpur, ‘Patna, 
Bilaspur, Bhagalpur, Madhupur, Asansol, Siliguri. 
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A Monumental Work Published March 1956 


A book that should find place on the shelves of every Library 
HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 


Incorporating 


HISTORY OF HINDU CHEMISTRY 
by Acharya Prafulla Chandra Ray 


Edited by Pror, P. Ray 


Royal 8vo. Rexin bound, 494 pages with 39 illustrations. 
Price ex-postage: Prime Edition:—Rs. 24/- (Inland), Ordinary Edition—Rs. 20/- (Inland) 
£ 2/- or $ 6 00 (Foreign) 
For Fellows Rs. 20/- Rs, 16/- 
An invaluable book for students of science’ and history and to all persons interested in 


the scientific heritage“of India. 


PUBLISHED BY THE INDIAN CHEMICAL SOCIETY 
92, Upper Circular Road, Calcutta-9, INDIA. 


Some Opinions : 


Nature, January 5, 1957, 

**Since there is much new material in the book, all those who are fortunate saad to 
hava the earlier edition will wish to have the new one. 

All those interested in the History of Chemistry owe a debt of ww ts Prof, P. "Ray 


and the Indian Chemical Society for its publication’’. 
J. R, Partington, 


Journal of Chemical Education, February, 1957: 

Tt saab Professor Ray, in his carefully constructed revision of Prafulla Chandra Ray’s 
standard ‘History of Hindu Chemistry’ has given us a highly informative and interesting des- 
eription of Indian Chemistry, In chronological order, the contributions of Indians to chemistry 
have been recorded from the Harappa pcriod of the fourth millennium B.C. to the end of 
Mogul culture.......s.eeeeee Many of the ideas described make delightful reading for the average 
chemist with a historical bent............ chemists and historians of chemistry will find in this 
book a valuable assessment of ancient Indian chemitry and culture’’. 


ISIS-Vol. 49, p. 362, Sept., 1958. 
wd this new book is very valuable both as a re-edition of an out-of-print 


classic collection of fundamental data and as a presentation of much well illustrated documen- 
tation of Indian achievements in the practical arts in the field of chemistry, according to the 


archeological findings’’. 
J. Filliozat. 
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Glas 
| 
fibre filtep 


open the way to faster filtration. 


in the sub-micron range , 


Properties and performance make these papers an outstanding 
addition to the Whatman range. They open up interesting new 
uses for filter papers, not least by the economies they show and 
advantages they possess over sintered glass and other fine porosity 
filter crucibles. High retentions and rapid filtration rates 

are an advantage when filtering very fine precipitates and 
semi-colloidal substances. Freedom from blocking ensures speed 
when separating gels from solutions, as in the filtration 

of viscose or resin syrups. 

Whatman Glass Fibre Papers are used routinely with Buchner 
and Hirsch funnels and with coarse porosity filter crucibles. 
They are highly absorbent, resistant to dilute acids and alkalis 
and may be dried or sterilised at temperatures up to 500°C. 
Please write for further information. Trial packs are 

available from your usual Whatman supplier. 


H. REEVE ANGEL & CO LTD 
GT. BRITAIN 9 Bridewell Place, London, EC4 


Sole distributors of 


WHATMAN FILTER PAPERS 
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‘SIO 

with 
established 
some five decades 
ago has been 
serving science 
in the fields of 
Industry, * Research 
& Education by 
supplying the highest 
quality equipment 


the world, covering a 
<= wide range of instruments 
viz, Optical, Electrical, 
Electronic, Nucleonic, 
Spectrophotometric 
X-Ray Diffraction, 
Crystallographic & Testing, 
Physiological, High 
Vacuum, Geophysical, Geodetic, 
Aeronautical, Astronomical, 
Meteorological, Oceanog?aphic, 
; Measuring, Quality control etc, etc, 
. SICO’S own pro ducts like Hot 
Air Ovens, Incubators, Water Baths, 
Hot plates, Water Distillation 
Stills, Wheatstone’ Bridges, 
Resistance Boxes, and. various others 


, have been accepted by the 
dis¢riminating buyers, 

Aff SiICOisat your service with 

“/ its five trading offices situated 

at Allahabad, Bombay, Calcutta, 


YY Madras and New Delhi and four outposts 
at Ahmedabad, Bangalore, Cuttack and 
Hyderabad. 


Please contact for your requirements :— 


THE SCIENTIFIC INSTRUMENT CO. LTD. 
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HOPPELR RHEO-VISCOMETER 


AN ABSOLUTE VISCOMETER 
FOR 
VISCOSITY MEASUREMENTS OF 


HIGH FLUID SUBSTANCES, _ 
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PASTES, FATS ETC. 


Measuring Range :0.5 to 1000000 CB 
Accuracy: +0°5% 
Temparature Range :- 60 to + 120° 
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VEB PRUFGERATE-WERK, MEDINGEN 
DRESDEN — GERMANY. 
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